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microprocessor,  digital  control,  data  lofflnii 
data  acquisition 


This  paper  describes  a digital,  microprocessor  controlled 
data  acquisition  system  ehich  optimises  ean/aachine 
communications.  The  processor  provides  digital  feedback  control, 
data  collection  over  ary  number  of  channels  iup  to  0).  32  bit 
floating  point  (7  significant  limit ) mathematics,  amd 
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a variety  of  output  fora* to.  Tfco  aain  footuroo  of  tfce  kevloe 
ora  tHo  ability  ta  varfc  In  a ay  nu aerleal  unit  loo Irek  by  tha 
uear*  aatheaatieal  naiaa  filtering  ank  autaaatle  feekback 
central. 

the  particular  applicatlen  unbar  eenelkeratlon  la 
autaaatle  lata  collection  an4  ancle-of-attaek  control  of  a 
aubaanio  wink* tunnel.  Data  are  preeentek  to  kaaanatrata  tbo 
kata  lagfinc  oapabllltoa  of  the  aye  tea. 
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>M  MtMt  ulM  tka  afpartuity  to  Mytwa  kla  Mat 
alNKi  tkaaka  tc  dr.  StrU  Cooooll,  «ss,  tkaaia  aktlMt# 
for  Ilk  lafiatic  eoffort  aai  patlaaeai  to  It.  Look#  sckallt, 
oa-al*Uor  tor  too  pkyaical  kaatfi  of  too  itl  070 too  oaf 
•laf  tooool  u tor toco;  to  Tof  too too,  caiof  tocoaieloa  foe 
Oio  tlrolooo  oaf  cOoorfol  troo01oo0ootu«. 
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I.  IWMlKtlM 


4.  ItCliaOCIB 


TM  u«  of  aiCToproctMort  |3*H  to  coatrol  ttflota 
•Ml«|  Aiyltal  itfieta  U«  jnm  *if««ntUllr  la  tM 

put  too  puu.  Ipplicitlaia  t«if«  fro*  f»  tuata  |aa*a  aai 
•uart'  traffic  lifku,  to  ulaatrial  plait  aoaUota  aal 
klyl  apoa4  lata  kaalllif*  Tk#  at»ta-af*tla-att  0*f  at  tka 
UM  of  tfcla  atUiay  ia  tka  KflTSL  iTal.  fkla  arayla 
latoyrat«4  circalt  eoauua: 

1.  Coatral  troccaala*  Bait  CM) 

2.  11  aytoo  of  araaakla.  proyraaaaalt,  roal-oaly  aoaory 
ItVKI) 

1.  m kytu  of  raaioa  accoaa  aoaory  (Mil 
a.  4-BIT  latortal  tioor/aaoa*  coaator 
t.  clock  4ri**r 

Ka  a44itio*#  thia  loaico  iraoa  oaly  ISO  allllaapora  (a*)  at 
S tolta  |V|. 

1 let  aye  oca**  or  a lava  yroatly  *alaaaco4  tka  layortaat 
MCkaalaylcal  aypltcatloa  call#4  lUTIIHtlD  ttriLLf OSBCI. 
for  oaaaflo , roatlao  - aat  tiaa  coaaaaiay  - ekoroa  a oca  aa 
parallel  to  aoriai  4ata  coaaoraioa,  *-y  piottlay,  ayaipooat 
palllay,  otc.  caa  So  caatroli#4  o*  alto.  Baflaooriaa 
aaalyala  of  a oca  iaryo  l*torcoaaoct#4  aakayataaa  ro4ac*a  to 
a *klact  Mi*  proaloa  rat aor  tkaa  tko  aoro  coaplat  proklaa 
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of  cmu«1U«4  C( 


ad  iM  c octroi 


I.  01 0C  OSS  I Of 


Tkia  paptt  iMcrlaaa  tk«  4«w«lofa»at  ail  cotattaetlai  of 
•»  aitMitlc  lata  loffU)  ayataa  (Uli  akick  U coa(l)aral 
via  aoftaara  to  salt  a particular  application.  Tko  aoftaaro 
so4lf  lestloa  la  lyaiaie  la  aatsra,  (kick  aaaaa  that  too 
afaxaa  operator  aoo4«  oaly  to  » y pa  la  a foa  siapla  coaoaaia 
to  ebaafa  tbo  aystaa  lapst/oatpst  (I/O)  to  ooassra  volts, 
foot,  pal  or  say  otbor  faaatlty  llroctly  aitboat  astaraal 
bar4oar«  ao4iflcataoa  or  adjaataaat.  ffca  rsfalraaoats  for 
tbo  ayatoa  sad  aa  overall  doacriptioc  of  tbo  ADI  batltara 
ar«  fives  la  ebaptar  II.  Cbaptor  XII  disc aaaaa  tba  coasaai 
•aria  aval  labia  a*osf  with  aaaaploa  of  actaal  oatpat. 
Cbaptar  IV  praaaata  a specific  appllcatloa  of  tba  ayatoa. 
Oslialiaaa  for  latarfaciaf  tba  dlflta*  faalback  eeatrol 
faactloa  altb  varloss  typos  of  ofaipeeot  ara  also  fives. 
Cbaptar  * coa talas  tba  softsara  asaaably  llstisf  ss  sail  as 
flowcharts  and  aaplaaatioas  of  tba  aora  laportast  roatisas. 
Cbaptar  VI  li  sc  aaaaa  tba  aaa  of  »-P  developeaat  syataaa  ail 
fives  reeeaseadatioaa  for  aoftaara  daveiopsest.  kppeadli  A 
la  a yloaaary  of  0-P  sad  data  aefalaitioa  taraiaolofy  oblcb 
la  aaa4  tar oaf boat  ta«  pa par . 
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n.  Mciimai 


a.  laQOZBcann 

7k«  p«r  poMa  of  i da  t«  low  lag  ayitM  ar*  twofold, 
neat,  u«  tyitM  aaat  oa  abl«  to  tai«  ;aalU9*  fro#  a 
aariatf  of  fayaical  ia*lca<.  Sacoad,  tkaaa  taalia^i  am*,  a* 
caavartai  lata  « fora  am*abl«  for  lata  radaettoa  aa 6 caaaa 
latarpratat loa.  rk«  oov*o«a  aaa  of  tack  a aystaa  u taaia? 
lata  ota:  attraaaly  lot?  or  «a«i y abort  tiaa  parted#, 

filter;*?  oat  aolae,  coatrollia?  aitarsal  otaeta  and 
pro  villa-;  * a talar  atl'or  graphical  oatpat.  Bit*  tba  abova 
la  alaf,  taa  folloaia?  re?uirea«nta  ara  daftced: 

1.  • ctaaaela  of  aaalo?  lap*: 

2.  i cbaaaal  for  digital  faadoacfc  coatrol  of  aoaa  esteraal 
dev  lea. 

1.  Plata  ikkfUfa  aaa/aackiaa  la'erfac*  ala  aarlal  data 
traaaalaaloa. 

a.  flaaaal  aad  aatoaatic  d*.ta  acqaiaitaoe  faactioaa. 

S.  Halted  data  aaalpttla tloa. 

d.  aaltiplaaad  digital  voi taa t* r faactioa. 

7.  Halted  teat  fila  at ora  pa  aad  editing. 

Zt  aboeid  ba  polatad  oat  taat  ta*  abova  regaireaeata  vara 
daflaad  alta  tba  viad-teaiel  coatrol  faactioa  it  alad  fca. 
I»| . Bevertbeleaa.  taa  coacapta  aa  y b«  astaadad  to  otbar 
application#  eitb  alaor  aoftaara  aodlf icat loaa. 


1 1 


a.  attzci  snacTzoa 


a Strict  If  hlfdMC**4CiMt*4  l^U«MUtl«a  o!  tit 
•yatM  CM«i:aaaata  nt  a niU  altanativa  iso  to  tit 
Isksroot  iaf  lesisility  of  aaci  Jtalfaa.  Lara*  seal#  coapattr 
laataUatioa  ms  pcahiUtita  froo  cost  sad  ia4ar*«tlUaatioa 
asMlAsrstloss.  It  «ss  t kero fore  dtclit4  to  ese  u ivaUall# 
slcro processor  - 'I#  1ST  11  1044  * »o  lapltmt  all  lo<»tc  sad 
4s* s sasipalatioa  fuactioas.  nio  1~ P 4«*lc«  is  tit  hoart  of 
tit  MOlJS  Corporation  I4S  sicr oprocessor  systos.  Plysro 
l is  s sc  boost  lc  of  tka  045  systos  Isyoot  ss  aodlfiad  for 
tkl*  project.  kppoadis  • prtatsts  aeslor  spoclf icrst loss  for 
mso.  Figaro  2 mom  tit  overall  systos  isyoot  lacladlaf 
the  cosssao  sad  coassaicatioca  llaka  beteeea  the  systos 
cospososts  «s4  tit  operator. 


i sp 37/OBTxrr  snzee 


-fce  sos/sscsiao  isterftce  ms  too  soot  dlfficalt  task  to 
isplooMt.  Tko  Mjor  ilfflcaity  ms  aot  Is  tko  pkysicsl 
interface,  bet  tko  laa^aa^e  seel  for  too- say  cossoslcatloao. 
4 oof  tost*  drives  411- ) 3 Teletype  ms  ssod  for  cosMSd 
•atry,  dots  proseat a tio a,  sad  tost  fsactioso.  iltboapk 
to*o*rfo  irteiof  was  too  CPS  tins,  tko  tls#  delays  la  soloed 
sro  still  sock  loss  tkas  tko  oockaalcsl  tie#  delays  of  tko 
relays  sal  driving  sot  oca  ehlcb  tko  1-4  Is  controlling. 

4 irosp  Of  ol<fkt  ItSltTT  P4C1410  50 Si-7302  dlSpsSy 

Hosts  oas  seed  to  Isploseat  too  digital  ooltMtor  fssctlos. 
Tkls  display  is  seed  to  sot  asplxfler  puns,  sst  aslls  asd 
to  vorlfy  tkat  data  pro so at  os  a psrtlcslar  lapst  a rt  keiaf 
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K— tw4  if  tM  ifitti.  TM  liffet  4U|Uy  U coat  roil  *4  lU 
Mltaixi  to  IlifUf  4ttt  la  Hitt, 

If  to  tiflt  chaaaola  of  aaaloy  lata  aay  4a  ««ltiflm4 
(Dim  DM)  lato  tli  Mafl«*u4*l«14  alt  (Dim  !■*«) « aa 
•Iom  la  fiiact  ).  Tit  iuio|>t(>*4i|it«l  (l/D|  coa  oar  tor 
(Dim  ISC-  U4  aas  ia-»ir  raaoiatloa  ovar  a 2t-volt  raayo. 
Thoaa  taraa  4aalcaa  ara  alaa  4rlaaa  ala  so  ft  oar  a la  orlor  to 
ftcvlla  varlooa  tiaa  4alaya  hvtooot  4a t a aaaplsa*  til  tlaa 
Solaya  ara  atlliaoS  to  aathoaatically  flltor  oat  loa  laaai 
aolaa  aal  4/0  ylltcaos  troa  taa  ayataa.  ippoaSl*  1 coatalaa 
voaSor  4ata  lor  taa  a a ova  aoatloaoS  lav leas. 


a.  fdacTioaai  aacaxTicrait 


».  C— oral 

Tfca  prlaary  alvaataya  ol  a aoftaaro  coofiyaroS 
ayatao  la  taat  It a procoaolsy  fsactloas  aa4  I/O  caa  da 

ao41fla4  vilest  oatoraal  »ar Soars  adjaataaat.  This  lapllaa 
that  tha  ayatoa  p laaaaaaa  a *yoaarai  parpoao*  yaallty. 
•ooovar , a cooprooloo  aaat  ha  aaio  hotaaoa  a coaplotoiy 
yoaoral  ayataa  aad  oaa  ahlch  caa  ho  aaaily  iaploaaata4  hy  aa 
o para  tar  aao  haa  littla  taoolaSys  *t  tha  oporatiay  ayataa 
(OS)  ao It vara  or  of  taa  iyaaalca  of  tha  ayataa  froa  ahlch 
thla  par aca  la  colloctlay  lata.  Xa  or4ar  for  tho  lata 
lofflay  ayataa  to  ho  «ao4  offoctiaoly  hy  ataloata  la  a 
variaty  of  ooylaaor lay  llaclpllaoa.  tho  OS  aao  aot  «p  to 
optlaisa  aaa/aachiao  latocactloa.  Thaa,  tho  oporator  haa  to 
coatrol  iMt  aaca  paraaotora  aa  rolay  aa4  4riao  actor 
traaaportatloa  lay.  Tfcooo  partlcalar  ayatoa  paraaotora  ara 
flao4  (aoo  chaptar  IV)  hat  atlll  proviso  al4o  appilcatioaa 
aach  aa  pcoho  piacoaoat  aa4  aaylo  aattiay.  lit  hoop  a ohvloaa. 


U 


it  is  sorts  ssatioaiay  thit  tk«  f m4mc!  cos troll #4  ssssssst 
of  as  srtaraol  i««ic«  u y sot  So  coiacldsat  aits  4a ta 
acyalsit loa  as4  ro4act ioa , «a  tSo  M caa  par for a oslf  ooo 
fa act ioa  at  a tiso.  la  90 a oral,  tSo  lataraai  4a t a Saa41iaf 
of  tSo  a lcso processor  is  traasparsat  to  tSo  asor. 


2.  Iiuyi^ 


flyars  • ia  a floockart  of  tso  Saaic  aaeorical  4a ta 
coavoraloa  procossos.  koto  taat  tao  iovoia  of  coavoraioa 
taka  plsca.  TSa  first  laaal  coa torts  4ata  fros  tka  ta-ilT 
Sisarr  proti4a4  by  tka  i/t  coaoartsr  iato  a aaaaricai 
volts?#  Satoaaa  -10  as4  *10  volts.  TSla  latsrpalatioa 
rootlaa  la  ealla4  Safora  aay  rat  lata  ara  proc«ss#4.  tka 
aaat  latal  of  eoatarsiaa  la  accoapliako4  aits  a acallaf 
roatiaa  sSlch  chaayai  wltaya  aalta  iato  aay  aait  4aoira4  Sy 
tSa  tsar.  2f  tka  soar  4oas  aot  opacify  a particelar  scalia? 
factor,  tSa  aystaa  4afaalts  to  tolts  for  all  I/O 
prasaatatloao.  Scalia?  factors  caa  ba  ciaa?s4  at  aay  tlsa, 
oa  aay  of  tSa  lapat  cssaaals;  iiffaraat  csaaaaia  aay  Sato 
iiffaraat  sc allay  factors. 

TSa  aatSaaatlcs  pacts?#  asa4  is  fros  tSa  Iftfl  Tsars 
Library  asd  is  4isc«saa4  la  ippaadls  c.  lltkoayS  tSa  aa*s 
pacta?#  parfocaa  all  oparatloas  tits  T alyalflcaat  liyita, 
aaaaricai  oatpat  ia  roaa4a4  to  a siyaif least  dipits  ( aits 
cSolcs  of  4#claal  or  aspoaaatial  aotatloa  >.  TSla  ass  does 
to  laproas  raa4sStlity  of  tas«lata4  oatpat  as4  to  parslt  all 
aifSt  cSaaaals  to  So  prist a4  is  tSa  Ualto4  spsca  proti4a4 
Sy  tSa  tslstypa.  TSa  oaly  a sea  pt  ioa  is  tSa  MSP  roatiaa 
(ca.  Ill),  skies  alaaya  oatpats  T iiyits.  TSla  is  Saeaasa 
scalia?  factors  of  sp  to  7 ilyits  css  So  aatara4  sy  tSa 
operator  «alse  fly.  a). 

TSa  4ecisal  format  p rasas ts  4a ta  Sataaaa  0.0401  aa4 


ffW.  fi«  MfiMitUi  (WMt  |iMMta  a aifaKleiM  liftu 
Utaaaa  t.MII-M  «al  »#.##!  *27.  ah  aaMCiaal  aatrlaa  Ay 
tla  ofacatac  cm  *•  la  altkac  lacaat  « altl  tka  aieaytiaa  ot 
daaaal  aaikara,  allefc  ua  aaly  alayla  ilytt  iaiayara. 
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A - £X  «M« 

9 - CFO 
C - MC  UK 
D - Input  port* 
t - Output  port* 

P - Sorlai  tnt*rf*c* 
0 - Po«or  supply 
H - toe  Sot* 

X - Car*  c*4* 


Molular  construction 
of  t ho  U-F  co*pon*nt* 
•nh*nc*s  expansion. 


- MOLW0O3  mrt*  uioj! 
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ri|N<  i 


4/1  COItriSIbl  >11  M 


f* tefc  flofttin* 


round 


■ ICAl  MTt  «uitritlvh  *t.  I09S 


U X 


fbi«  dtftM  4«fu«  tk«  eotMila  (kick  tk«  oftritoc  Mf 
•M  «•  CMMklMtl  «ltk  tk«  IK.  A Ml«f  «l|UMti«k  of  tko 
•os4  U pcooaatod;  tk«a  tk«  nl«k  for  it' a aaapa  iki  too  III 
raapoaoa  la  plaoa.  fk«  coaaaada  act  ocfuiioi  lato  tkroo 
catoporloa: 

1.  till  MmUil 14  Joo4  to  a«t  scallop  •><  dalty 

paraaotara,  ao4  to  atoca  tk«  aopaoaco  of  ekiktkla  to  oo 
ocaaoo4 . 

2.  Ifigmman  **•••  co«oaa4o  atart  aacioaa  typos  of 
acpalaltloa  p rocs  as  la  j,  laclodlap  tka  voltastoc  sad 
foodkack  eoatcol  roatiaoa. 

3.  tiki  i Tkoaa  ars  coavoaioaca  foataroa 

•kick  provide  slapls  toit  outlay  aai  prlatlap  of 
ropatltlooa  takla  koadlaps.  Tkay  also  provlds  akort 
capability  tad  corractioa  capaKUtj  for  aicapollod 
•or  4a. 

•oto  tkat  ccooaa4  aorda  aro  aatorod  la  appor  caa«  ?aat 
aa  tkoy  appoar  la  tka  folio* lap  paraprapka.  «koa  tka  4 CL  la 
roadp  for  a caoaaad,  It  proopta  oltk  tko  ayakol  >.  Tka 
ooaoaad  aord  la  tkaa  aatorod  folloood  ay  proaalap  tko  IBTPtf 
hoy.  ta  all  aaaaploo  pivoa,  tko  4K*poaorato4  tost  la  akoaa 
la  paroataoooa  for  lllaatratloa  porpoooo  oaly.  toetloa  9 of 
tkla  eaaptor  pro oa at a coploo  of  actoal  prlatoat  froa  typical 
rose  la  ardor  to  fartkor  clarify  tko  aoa  of  tko  coMaada. 
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I.  Mfl  MfXStftOf 


»•  mu 


mis  cmmi4  is  utully  tiM  first  oos4.  It  oaasias 
tl«  sssc  to  specify  s seal  lay  fsctor  so  taat  sil  4sts  I/O 
sill  so  la  ssy  4«slro4  salt.  4 typical  sopaeaco  of  coastals 
cool!  ay poor  as  follooa: 

l>» 

(CitiaiL  •)  i 

OSXt/VOLT)  n.s 

(caasm  *i  s 

(OlXT/tOLX)  .2 

(Cliff  U •! 


<>) 


TSss  too  asor  saa  apoctflol  a seal icy  factor  of  14.5 
for  ciasaol  i sal  .2  foe  eaaaaol  4.  Tao  abort  cossaad  oas 
tloa  aso4  to  torsiaato  ta#  roatlao.  Tao  111  rospos4o4  olta  > 
a a as  ayaia  ras4y  to  accept  cossaa4s.  tao  roaalt  of  tao  asevo 
is  taat,  for  esaspls,  a l-solt  tapat  os  all  claasola  olll 
prist  oat  as  J.444  oa  csaaaols  0,2, ),*•$, 7;  as  11.54  os 
eaaaaol  i as 4 as  .0444  os  caasaol  o. 

a-  MIX 

[ 

tais  csss  as 4 is  «so4  to  sot  a asooa  tisa  4alsy 
sotaoos  aats  of  4a ta  poiata.  TSa  IK  taias  124  iota  potato 
fros  sac a cSasaol  as!  coepatos  aa  asarapo  oof ora  a valaa  is 
priato4.  fa as.  tao  offsets  of  aoiso  aa4  I/O  flitcaos  ara 
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•iUllMi.  NCMM  it  t«lM  1 |W|  for  tOO  101 

to  oot  op  too  ooltiplosor  for  « 4if foroot  cuaatl,  tl«  HIT 
4oloy  <Mt  o«  «oo4  «itk  coo  tioo  1«  «•  oorirooaoot  *iirt 
•illftlta  por  io4ic  aoioo.  Zf  ooly  ooo  chantl  U aciMtl,  to* 
tioo  Ootoooo  iat<  potato  alll  Oo  40  Mitral,  lottttt,  If  all 
• cteutU  art  aeaual  tka  tioo  Mtaaai  lata  potato  oa  oay 
ctaual  «U1  Oa  to#  Aooixol  tioo  ploo  I aa  ( t m for  tact 
ctaaaall . 

J*  lit  KM 


SIT  SCI*  to  o Soal  porpooo  rootlao.  rirot  of  oil, 
if  « ant  cutaail  too  aot  boot  uaaaJ  it  olil  lafaali  to  IS 
oo  oa 4 too i « 40004 1#  to  to«  oporotor;  otoorotoo,  It 
pcoco#4o  to  to#  aoot  otop.  T> a oporotor  to  thoa  fitn  too 
op por tool ty  to  opacify  too  typo  of  ootpot  foroot,  aoooly, 
oopoaootiol  or  lociool.  Socoal,  too  in  oabo  too  oporotor 
to  lopot  too  cooaoolo  to  oo  ocaoood  ia  too  looirol  oofooaeo. 
Socttoa  C prooooto  oooo  typical  oaooploo  of  JIT  sell  taooyo. 


I.  4Cw«XSZTX0*  coium 


'•  me 

TOlo  to  too  coooooJ  ooo4  to  otort  tOo  ooltootor 
fooctioa.  4 typical  oatry  oool4  look  lifco: 

tcaosm  •>  ) 

oooo  too  irroio  toy  to  proooot,  too  llyitol  dioploy  oill 
follov  too  Soto  oc  eoooool  1 |ia  volto)  . fOo  Sioploy  io 
«p4oto4  ooory  19  oo  ooi  taboo  too  4oto  toroopo  a oi 
oicrooocool  o to loo.  00 oo  too  lioploy  io  ia  oporotioo,  ooy 


MiM  «•  tl«  tapat  *111  «Im  «f  as  i rspUij  chtiflM  difit. 
fill  la  mUM  soot  digital  *9lti«t«ri  *aicA  tk« 

ii|«t  «*•(  a smU  tiM  Uttml  ni  frtNtt  11  av«ri4« 
tMiUi.  flic  iat*f ratios  proc*aa  say  offset lv*ly  tut  aay 
MiM  4 on  a to  (airly  loo  fr*r**acl*a,  i«ytfdiif  at  tM 
voltootor  0*109  m«4. 

TM  oala  «oo  of  to*  aoov*  faartlsa  la  to  oot  9*  la 
Halts  oa  to*  iopata.  To  trscafor  coaaaad  back  to  ta*  mr. 
say  feoy  oa  ta*  t«l*typ*  eaa  0*  pr*sa«d.  TO*  AM.  rtayoala 
altk  > sad  la  taaa  r**dy  for  saota*r  coasaad. 


2‘  ttU 

SCAl  la  aa*l  to  saaaally  coatrol  ta*  taOalatioa  of 
lata.  Og oc  coasaad  *etry,  tk«  Adi.  civets  to  a**  if  ck*ta«l 
aaal^aaoata  Aa««  t**a  a«4«  via  ta*  stT  self  roatla*.  If  ta* 
cA«ck  la  a*f*tl**,  a a**aaj*  la  s*at  to  ta*  operator  sad  ta* 
ro*tia*  la  a0*rt*4.  Zf  ta*  catch  la  posltiv*,  auiiafs  ar* 
prlotod  o«t  *ita  ta*  prop*r  spaclao  for  ta*  l«air*d 
aasorical  foraat.  Ta*  ADL  ta*a  salt a for  a BtTll*  at  «aick 
tla*  a a*t  of  4a  ta  is  t*k*a,  at«r*y*i  a ad  prlatod  oat  *ita 
ta*  prop*r  sea ll og  factor  tppilod.  fa*  prut*:  rarnay*  is 
ta*a  posltioa*d  at  ta*  *ri  of  ta*  lia*  of  data  so  ta*  aaar 
aay  *at*r  aay  ccaoaata.  Ta*  a*st  **•  of  data  la  tat*a  «a*a 
ta*  i STB  SB  4*y  la  pr*aa*d.  f«for*  *ack  lia*  of  data  la 
pr lat*dv  a taro*  41*it  co*at*r,  call*d  ta*  coordlaatioa 
aaasor,  la  lscraaaatad  aatoaat lcally . TA*  StT  SCAM  roatia* 
la  a a *4  to  r*a*t  t Ala  coaator  to  a*ro  (also  aatoaat ic)  . 
TAas,  r*p*at*4  calls  to  SCAB  or  IBS  *111  k*«p  ta*  coast *r 
iad«a la*  ptoporly.  TA*  scab  roatla*  la  t*rslsat*d  ay 
*st*c  la*  ta*  a Sort  coaaaad. 

I.  mu 
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r 


Cfe«u«l  A #as  iittruUf  doflaad  u tk<  f ##dAac* 
cuimI  for  &0 1 coatrol  of  so»#  #*t#r  aal  d#vic«.  TA# 
oparator  iirtta  tfc«  daairvd  po«x*loi  fspaad,  U9l«#  #tc.| 
••A  U«  401  *111  ptotlOf  to*  lofic  MCttMr;  to  driv#  too 

4«fic«  to  o 1 1 Ale  « A/0  coaata;  1 4/1  cooat  is  #qaal  to  1.22 
•ill!  volt  (a») . A Mtplt  is  tssos  «««ry  a.  A as  so  tao 
assisss  slos  tsto  at  ts#  lapat  is  lisitoA  to  4. 1 at /sac  is 
or  Aar  to  paaraaty  coa*ar<g#sc#.  Tfcls  root  iso  is  aa#d  aalaly 
to  ossaso  aioa  rstaa  sro  sot  oacosaivo  sad  tSst  ostorssl 
dovico  sevosoet  doos  sot  oscood  acceptable  lisits.  CSsptor 
v prososts  s dotaxioi  flo#c*art  of  too  fooicocx  logic  osod 
is  tso  A3L. 

••  JJI 

ica  iBtorssily  calls  ts#  SCAB  asd  aof I ro-atisos  is 
ropotitios  is  ordor  to  aatoaat*  ts#  tabulation  of  data  at 
assy  difforos*.  positions  of  as  •staraal  levic#.  I typical 
data  aatry  aa^aaaca  for  I9B  coaid  So: 

(STAB?  POSIT  •)  Id. 0 
(STOP  POSIT  -I  7.5 
(XBCtllHT  •)  .5 

■ota  tSat  tS#  start  position  do#a  aot  aood  to  b#  lass  taas 
tka  atop  poaitios.  Also  sot#  taat  ta#  i8cr#a#atal  ao*«a«a* 
is  la  aAaclst#  ealso.  9poa  osocj*ioa  (ta#  fITPPP  k#y)  tso 
ABA  prists  oat  colaaa  soadlapa  as  doflaod  Ay  tso  SIT  SCA* 
roatiao,  aloas  ta#  ast#rail  d##lc#  to  ts#  start  poaitios  asd 
starts  * assist  iso  data  at  #ack  of  ta#  positloaa  A«t##os 
STAAT  sad  STOP.  *S«s  ta#  atop  poaltioB  data  Sa«#  boor 
priatod  oat , coaaaad  is  r#t*raod  to  ts#  oporstor. 


2s 


p XL!  aAxrrtiAscc 


?k«  to  Horn  in;  comm*  a is  ar*  saod  to  ispst  tost 
UfotMtioa  sad  coaatttt. 


«•  mi 


•Imc  tii«  saa*  soadlst;  isforsatiot  *111  appear  is 
part  of  tb#  iocs  a*  ntat  lot  of  •*  :l  ran,  EDI?  is  as*d  * o *e**r 
tnis  itforsstlon  for  lst#r  as*.  After  tb*  l*slr«d  t*st  has 
D*«o  *at«r*d,  tb*  LI  I!  PESO  (L/P)  **y  is  pressed.  followed 
oy  tb*  SMOBb  n*y.  :n*  L/P  is  a**d*l  let«rb*lly  *o  sart  tb* 
•ed  of  tb*  f il*;  this  is  tb*  only  routia*  tbs*  t*ralB*t«s 
«lts  otb«r  tbs:  *ust  tb*  SETUPS  a*y.  If  tb*  L/P  b*p  **r* 
sot  as*d,  ts*  **tir*  suffer  sp«c*  (* 5*  characters)  *o«id 
prist  Mt.  At  * b Is  *is*.  if  ts*  Pbr-OP-PXL!  ays  tool  **r*  so* 
l*t«c*«d,  sc  error  s • ***<?*  *oald  to*  s*st  to  to*  operator. 


Tb*  101?  sod*  css  also  to*  as*d  *o  cbs»?*  or  correct 
tb*  t*st  st  say  tis*.  ?b«  ro»*.a*  is  *at«?*d  vis  *b«  cosssad 
•ord;  tb*  COST  >OL  sad  Z s*y»  <crtrl-2|  sr*  pressed 
s: ssitsr «aitsly  to  s»«p  *broa?b  tb*  fil*.  Sb«e  tb*  proper 
plsc*  la  tb*  test  is  r«*cs«d,  tb*  S01C37  S*y  is  pr«ss«d, 
ts«s  tb*  s*s  cbarsc*«r  is  *at*r*d.  Sot*  tbst  this  entry  is 
sot  lss«rt«d  to*t#**r  tso  cn«rsct«rs,  b#t  rstbvr  1* 
overwrites;  say  aaso*:  of  characters  car  b*  r**at*r*d.  Zc 
order  to  *slt  tb*  rostls*  sitbost  asis?  tb*  L/P  bay  i*bicb 
voald  trsacat*  *b*  tostt , tb*  crtrl-A  s*ys  ar«  as*d. 
Soctloe  3 sbc*s  tb*  coastrsctios  and  *dlt  of  a fil*. 


2*  uu 


2i 


tl«  taat  aataraC  «ltk  tka  S9I?  cotaul  la  ptlit«4 
oat  ipoi  tMCitlN  of  FILI.  two  Haas  tea  ikipp«4 
a»toMti;aily  at  tka  bajittio*  aad  at  ta*  and  of  tka  fllo. 


>•  mi 


taacatioa  of  D01F  will  caaaa  tka  coataats  cf  tao 
coa vocal  >•  factor  ciffac  *o  ba  prlatad  oe  taa  toltt ppa. 
nia  aaablas  tao  laar  to  van !j  acaliao  factors  aktea 
ara  balsj  appliad  to  aact  rkanaal.  faasan  ara  prlatad  aits 
7 significant  dijita. 


a . mu: 


This  coaaand  la  afacjtad  astoaa* lcall/  ipot  ayataa 
raaat  or  abac  poa» r la  ippliad.  1.1  tka  raa  araa  la  taatad 
a»  first  acitlag  wOM  to  aach  location,  raadi&d  1*  sack  aad 
ccapacu^  taa  caaalt  altt  JOS;  taa  aaaa  procoaa  la  :a  raa*  ad 
ai*a  FFM  Uppaalis  » coatalss  aa  atplasatioa  of  aasadaclaal 
aotatioai  . If  aa  arror  aora  latactad,  *ha  coataata  of  tla 
aad  location  aouli  Oa  prlatad  on*  sloa?  alts  ita  adlraaa. 
Tkia  aaatiaa  *ha  oparatot  to  tdae*lfy  tka  partlealar  circait 
coapoaart  able!  baa  saifua  rtuaad . T &•  roatlaa  :aa  alao  ba 
aatarad  aa  a coooaad,  bat  isa  of  this  function  raaata  all 
iafaalt  valaas  jsat  aa  a sjstaa  raaat. 


5.  klZlki 


Tka  abort  coaaaad  la  jsad  to  taralaata  asacatlon  of 
all  costlaas  ascapt  RJ»  aad  ICAO.  Ska  a tka  ratri-1  caps  ara 
aaal,  coaaand  la  tranafacrad  back  to  tka  oparator  aad  tka 
apstaa  raapoads  a itk  a >.  tka  I OR  roatlaa  caa  oalf  ba 


2k 


«iti  i iy*t«a  t«wt;  tk«  KUO  rottiaa  is 
t«rtlaat«4  by  preaalM  >ar  of  tM  telotypa  baya. 

*•  itllk-l 

Ktaaala^  tk«a«  two  soya  caaaoa  tba  pbraae  KOI  *».  to 
bo  prlatad.  Tbo  keyboard  la  taea  opeaad  (or  tbo  maortioa 
of  aay  dealrod  alpba/aaaar  lc  alaalo  lla«  aaqaoaco. 

7.  CK11.-C 


Tbia  cooaaad  caaaoa  ••••  to  bo  prlatod  1 i or  dor  to 
fla?  a coaaoat.  aoto  that  tala  la  a cooaaad  root  loo  tad  caa 
oaly  bo  oatorod  af tor  a > proapt  by  tbo  A9L. 


I. 


Proaala?  * host  koy a caaaoa  aa  latoraal  coaa*or  *c 
•dvaeco  forward  *broaal  tbo  lapwt  baffor.  Xa  *tl*  aannor, 
tbo  coatoats  of  aoaory  caa  bo  diaplayod  (too  i2 IT)  . 

v m— 

flu  hoy  la  aaed  aaialy  to  corroct  spoil la 4 arrora 
or  to  corroct  lata  oatrlos  wltboot  abort ia<j  a roatina.  far 

oaaapio,  aaaaaa  tbo  operator  waata  to  oa*or  SC  A I aa*  act  leas 
taat  SVAI  baa  boo  a typod  by  aiatako.  Tbo  itbOTT  toy  la 
proaaod  tbroo  tisoa.  Cacb  tiao  it  la  preasad,  tbo  prowloaaly 
oatorod  caaractor  la  prlatod  tad  aa  latoraal  coaator  coaata 
fcactoards  tbroafb  tbo  lapwt  baffor.  Tbo  oporator  tboo 
rotypoa  tbo  corroct  lottora  (CUM  aad  tbo  corroct  10a  is 
coapiota.  Tbo  toiotypo  oatrlaa  weald  tboa  loob  llko: 
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mitiKii 


■koa  ML  atll  okly  N«  KU. 

Ccimi4  ior<  roeogaltloa  la  (CCM|»li«k*4  kf  aasaiaf 
ta«  aiaary  co4w  of  tick  of  tk«  lottoca  of  !k«  tori.  Tk« 
r os  alt  u t kM  coaporod  iltk  a Hat  of  valid  aaaa  vkick  aro 
coataiaol  la  a— ary  tckock-oaa)  . siacv  tk«  roavlt  of  a 
aaoootioa  doaa  aet  lop  oa  d oa  tao  ordor  of  tk«  addoada,  tkv 
lottara  of  ta«  coaaaad  vori  aay  fca  oatorod  ia  aay  ordor 
(•.<,,  JUI,  a ACS,  otc.).  Altkoagfc  tola  ootkod  coal!  load 
to  aaaiaalty  proklooa,  tko  voca&alary  of  tko  ui  la  aaali 
00009k  to  provoat  tack  is  iacoaaiatoacy.  day  coaaaaJ  , tort 
or  lata  oatry  caa  bo  oditoi  vitk  tao  avaoa?  toy  at  any  tiao. 


0.  KXASF1X3 


Tko  tlgaroa  foHoaiaj  tkia  aoctloa  aro  ccpioa  of  actaal 
1)1  aoaaioaa.  Ill  lOL-goaor a» •!  aoasajo*  aro  aadorllaod  tao 
firat  tiao  taoy  app oar  for  1 llaatratloa  parpoaoa  oaly. 

Figaro  5 aaooa  i DATA  CXPIVirtUl  aoqjoaco.  Tko  J»X? 
coaaaad  aaa  aaad  tc  ooorrilo  tko  ool*  dofaalt  oa  ckakaola 
4,1  aal  2.  Tko  SK?  SCAI  roati&o  aaa  aaod  to  aolact  iociaal 
foraot  aal  to  aogaoaco  :kai<wli  kota  tko*  tko 

ckakaola  lo  act  aood  to  ko  ia  any  particalor  aogaoeea  a ad 
tkat  oao  ckaaaol  say  ko  aaod  ooro  tkaa  oaco.  Tko  aao  of  a 
ckaaaol  aoro  tkaa  oaco  oaakloa  tko  aaor  to  ckock  tkc 
of foct lvacoaa  of  tko  aolao  filtoriag  algoritkt  lk  a 
porticolac  apf  1 icotioa . la  tkia  caao,  lata  takoa  oa  tao 
first  ckaaaol  A acaa  vill  bo  tl  aa  oat  of  pkaao  vita  tko 
aocoad  ckaaaol  A acaa  Ok  aa  for  tao  dolay  paraaotor  and  a 1 
aa  latorcyclo  lolay  for  oack  ckaaaol)  . Tko  oporator  tkoa 
aaod  tko  aalt  roatiao  to  ckaapo  tko  atlt  paraootor  to  ) aa. 


2 A 


Tl«  MfeatfHit  call  to  tfe«  Stf  SCAB  rottli*  414  tot  prolaca 
tio  lofaalt  aaaaaf  (laBoi#4  a oa  tit  protioaa  call). 

Pi«at«  4 aBoaa  a typical  SCAB  a»|i«ac«  aBlefc  raaalt#4 
froa  tao  coaaaala  tat«t«4  froa  fl?.  4.  sell  aaa  aaol  to  taa# 
4 aata  ot  4ata(  tiaa  Ml  aaa  aaal  to  tafca  4 aats.  It  la 
lapattaat  to  aata  that  eBaaaol  3 aoat  oa  lacla4al  la  tao  SfT 
SCAB  loflaltloa  Bofora  III  la  aaac*ta4.  fkia  la  Bacaaao 
cBaaaal  0 la  ta«  fool Back  pat  a (or  tBa  4lpltal  ccatral 
faactloaa. 

Flyaro  J aBoaa  taa  asl  raapoaaa  to  iapropor  lapata. 
Aftar  a raaat,  *B«  oporator  ’rial  to  aaacata  SCAB  altaoat 
flrat  4afialap  taa  caaaaal  aa<j«aaca.  raa  aatt  «iaapla  it 
tala  (l|ua  aBoaa  at  iaaalll  coaaaad  t olloaal  c / aoaa 
aaaaplaa  af  «ala<|  taa  BCPCB?  taj  to  corract,  varioaa  aatrlaa. 

la  fi«.  4 taa  opacatot  dll  tot  aaa  1 LI  BE  FtIP/BITBIB 
aa^aaaca  to  aara  taa  aal  o t tta  taat.  TB • raaaltla*  call  to 

Pill  la  tkaa  aBoaa. 

Flparoa  9 aal  U praaaa*  taa  lata  ! » oa  a alal  toasol 
calitratloa  aaaaloa.  Flora  11  la  a irapa  of  taa  lift  lata 
(eBaaaol  2)  tacaaa  aap ia-of -attack  (101,  ckattai  1)  . Botlca 
tBat  tBa  sea l la j factora  for  cBaatala  0 aal  2 so; « aalactal 
ao  taat  tBalr  roapoctlsa  oatpa*  soall  bo  coal  la  Sapraaa  aal 
poaala  liroctly.  Flora  12  aaooa  a raa  aBica  atillsal 
•apoaoatlal  foraat. 
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II.  Ilia  TJHII  Ag>LICA?;ul 


Tba  AOL  syataa  ni  coaa*ractai  lc  ordar  to  facilitate 
data  acqalaltioa  tad  docaaaatat  lot  froa  taa  3.5  « 5.0  foot 

satsoaic  aiad-taasal  locatad  la  taa  Dapartaaat  of 
4« roaaatics  at  ta«  Basal  Poatgradast*  School,  lo^la^  lata 
By  aaad  frca  th«  tsanal  balaact  la  tisa  coastals;.  arror 
iadscla?  sad  proiscaa  aoaaaaat  Masai  sad  acattarad  raaalts. 
Othar  ralatad  problaaa  ara: 

1.  Parabasal  eosasa  l ca»  ioas  it  a aoiay  abtiro&aaat. 

2.  Bat  at  raadiej  ahlla  ta«  ;«aatitv  to  M saasarad  la 
sat  lac  tad  to  raadoa  part«rba*ioss. 

3.  Taaaal  hast  la  ; da#  to  lor;  rat  tiaaa. 

a.  TlBa  eocsaaiay  AOd  aa**io;. 

Tha  131  affaetivaiy  aliaiaa*ad  all  *ha  abora  protlaaa 

atd  is  sddlt.oc  it  prosad  to  So  taraatila  anca;a  *o  sa  aaad 

•a  a data  loqpar  aith  othar  a^alpaaat.  fi;ar«  U is  a 

pictara  od  tha  A 01  ioatallat loc . It  fits  cospactly  lato  a 
toll-arojai  catiaat  aed  : a^tlrss  oaiy  a ataadard  20  ad 

carraat  loop,  HO  baad  1/2  davica  a talatypa),  tad 

patch  cords  to  coaaact  it  to  tha  tolta?#  soarcas  it  is  to 
aoaltor.  fisa  var  lab  ;s  la , liaaar  aapiiflar  cards  ara 
lacladad  to  provtda  loa  lasal  s.jaal  hsffarin;.  Volt«;a 
aoarcas  css  oa  coca  act  ad  * o th#  AS*,  diractly  or  patchad 
taros fh  aa  aapllflar,  aa  lot;  as  tha  lapst  aacsrsioea  do  not 
aicaad  - lOf  to  *10V. 

Tba  faadtaca  coa tr ol  faactlor  as  isplaaaat ad  via  *ao 
oatpst  lisas  - oaa  laoaiai  JP  aad  *ha  othar  labalad  DWB. 

IB 


1 


Uct  Un  carnas  aa  laiapaadaat  *ogic  laaal  voitaga  shich 
la  to  actaat#  a Th*  too  ralays  la  torn  aro  oaad 

to  coatzol  ta«  diractioa  of  a aotot.  Th • dasirad  faadbach 
quantity  (la  this  case  §>o«l*ioa)  la  lapet  tc  chanaal  9 ahicfc 
cloaas  * t«  digital  coatcol  loop.  Pigara  Is  is  a datailad 
scioaatlc  of  taa  A01  coetrol  as  a sal  ic  th*  siad  tsnaal 
systaa.  To  data,  tna  191  aas  asad  to  callbzata  th*  slad 
tusaal  fcalanc*  asi  tha  dyaaalc  prassara  riatsdac*:  ( i ). 


A • Af*G  -£-0P- ATTACK,  - 


rijur*  i*  - a»*ji 
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t . sorting  atnoi 


Th#  aaaaablad  pro^raa  liatla?  for  taa  AIL  la  praaaatad 
la  tala  caap'ar  aloa<p  aita  floacaarta  for  taa  aoat  lapcrtaat 
roatiaaa.  Tkrooiaoat  ta«  folloaia?  parafrapaa,  fraqaaat 
rafaraaca  la  aada  to  tha  'poaltioa*  of  ae  aitaraal  davtcv. 
'Poaltioa*  is  m«]  for  llloat ratios;  apaad,  aa?la  or  aoay 
otaar  attrlbataa  of  *t*  atat a of  aa  •atareal  davica  cae  oa 
aaad  aa  « faadbaca  par  aaa  tar. 

Fljur*  15  *aowa  ta#  <f«r«)la)  procaaa  aaad  ia  t la  flltar 
roatlav.  A raaain*  aaa  ia  * time  a*  1 29  data  potata.  tala 
aaa  la  *baa  dlvliad  oj  ltd,  coavartad  mci  to  alaary  aad 
atorad  aa  a *ao  oyta  ^aaatl*y  .a  caflittrt  0 aad  I.  ?ka 
diary  r apraaaatat  ioa  of  taa  carraa*  i*au«4  poaltioa  of  taa 
aitaraal  davica  la  racallad  ftoa  aaaory  aad  atorad  la 
ra<|la*«ra  5 aad  C.  3poa  aalt  froa  taa  roattea,  taa  raglatara 
ara  aat  ip  *o  ccaptrv  taa  «c*«al  aad  daairad  poaitioaa  ia 
ordar  *o  datvralac  la  valet  i.rvrtloa  to  aova  * a*  aitaraal 
davica.  taa  *9P'  drivar  la  aaa*  iaoit.  X*  aafcas  aaa  of  taa 
p rvvioaa  satroatlav  *o  iat«rala«  «kti  ta*  daairad  poaltioa 
aaa  t>«aa  raaciad.  taa  roaltio&  corractloa  ro«*iea  la  fid. 
17  datvralaaa  if  taa  poaltioa  arrival  at  by  taa  JP  oi  Nil 
roatiaaa  aaa  aat  pradaflaad  vrror  rntaria.  Tiara  art  aiao 
roatlaas  for  taa  beta  diraetloa  taat  ara  ldaatlcai  to  fl*a. 
lb  aad  17  (tacapt  for  taa  diraetloa  of  sovaaaat) . Tta  ffOVt 
roatlna  lv  it  fi.j  id.  it  providaa  taa  loaic  aacaasary  *o 
propariy  call  ta#  Jf  tad  3J«l  roatiaaa.  *14*1*1  Id  aad  29 
ara  floackarta  of  • a«  I9P  roatlaa.  101  providaa  tka 
aatoaatlc  ccatrol  faactioa  of  th*  ADI  ay  caliia?  sea*  aad 
0CVK  at  aatarsai  lavlca  poaitioaa  d*fiaa<*  / ta«  aaa r. 
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|9tLL  CONVERSION  9 ACTON 
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JNZ  LOOT 2 

0041 

444000 

1 

1 •«* 

J49  404 

(START 

C0440L1  INPUT 

ROUTINE 

I lRPUTs  40  RESTRICTIONS 

I RCUSTCOSi  A.I.C.O 

1 OUTPUT i 4.0  4SCII 

1 

C,D  s 0 

004) 

4) 

CIs 

1R  4 | OCT 

START  RIT 

0044 

14 

>49 

0047 

404)00 

JC  Cl 

0044 

444400 

ST44T i 

COLL  MALf 

|l/2  DELAY 

0040 

1404 

NVI  C,i 

(BIT  COURT 

0049 

444)00 

Ms 

CAL*.  DELAY 

1 CENTER  09  REX?  SIT 

0092 

49 

11  4 

00)1 

14 

>49 

I ROT  INTO  CARRY 

00)4 

Cl 

NOV  4,1 

SlET  SU1LD-U9  VORD 

00)) 

IA 

>49 

00)4 

CO 

NOV  1,4 

tSTORE 

00)7 

II 

DC9  C 

tCsC-l 

00)4 

444900 

JNZ  >1 

I CHECK  909  LAST  SIT 

00)4 

1479 

441  79M 

I MASK  099  RARITY 

00)0 

CO 

NOV  1.4 

00)1 

444)00 

CALL  DELAY 

0041 

444)00 

CALL  DELAY 

0044 

07 

OCT 

i 

I ‘Oil* Y*  TTY  DELAY  LOOR 
I DELAY  PARAMETER  IN  *D* 
I PROVIDES  MS  DELAY. 

delay  t m/i  o,oc)» 

-A9  TINS 


004)  ICC) 
004 Y 444COO 


|l  tlT  TlfU. 


1 1/2  BIT  um 


004A 

1K42 

HALF* 

MV  I 

D.042M 

004C 

0040 

0070 

It 

nsrfttr 

07 

TlPti 

OCR 

JRZ 

1CT 

0 

TIME 

0071  0C00 

0073  447C00 

0074  OCOA 
007»  447COO 
0071  07 


( ‘CRLP*  OUTPUTS  A CARRU3E  RET  AAD 

i l im  ruo. 

I IMUT(  SO  RCSTRICTIOAS 

i rcoistcrss  a,b,c,o 

I OUTPUT I A: PPM .1:0AM  I C ,0:0 
CULP i MV I B.OOM  (CA 

CALL  CO 

RVI  B.OAM  (LF 

CALL  CO 

R£T 


*C0*  COASCU  OUTPUT  AOUTIAE 
IlPUTl  MAO  IS  7 BIT  ASCII 
STORCO  li  I 
At  LISTERS:  A.B.w.D 
OUTPUT!  AsPPN  , | IS  SAVED.  C,D  : C 


00 7C 

Cl 

COt 

MOV  AVB 

|P£TCM  WORD 

0070 

10 

ORA  A 

ICLCAA  CARAT 

007f 

1401 

MVl  C,*l 

{BIT  C OUSTER 

0000 

12 

RAL 

{START  BIT 

0001 

91 

SCAOt 

OUT  4 

|TX  TO  TTY 

0RS2 

444900 

CALL  DELAY 

t VAiT  1 BIT  TIRE 

0003 

1A 

AAA 

tPOSiriO*  A£XT  BIT 

0004 

sen 

CPI  OPPM 

tSCT  STOP  BIT 

1 1 

ICR  C 

|CsC-l 

0009 

400100 

JRZ  SIIC 

tSCAO  IF  AOT  JO  Ac. 

07 

ACT 

! MOOITOA  £»TMY  POUT 

AFTER  POMCR  OA  OR  RESET. 

0000 

447100 

MOAt 

CALL  CRLP 

|ACS£T  CARRIAGE 

0090 

2C24J44C 

LXI  M.L100T 

(START  lAPORMATlOA 

0094 

441000 

CALL  LIST 

0097 

447100 

ClTtLl 

CALL  CALF 

009A 

21243400 

LXI  H.AUDY 

(ACA 

009C 

441000 

• 

CALL  LIST 

1 ACT 

CORRAIO  MAD  A AO 

FORM  JJRP  VECTOR 

OOAI 

44P100 

At CO 3 t 

CALL  OCT 

00A4 

0(00 

AVI  190 

(I AIT  CMECX  SUM 

OOA4 

U 103440 

LXI  M.DQPAO 

(POIAT  TO  IAPUT  1UPF 

OOAA 

C7 

RLOOPt 

MOV  A.M 

(PCTCM  CMARACTER 

OOAl 

3COO 

CPI  SCRAP 

(IP  BORE  SEARCH 

OOAI 

400400 

J2  SR  CM 

( LOOR-UP  TABLE 

0000 

• 1 

AM  1 

lELSC  BUILD  CMECA  SUM 

0001 

CO 

MOV  1.4 

(STORE  CK  SUM 

0002 

30 

im  l 

C 


OQBS 

444^00 

jm  oloos 

OQH 

acoriAOc 

SB  CM: 

LXI  M.TABU 

{SOIBT  TO  LOCX-US 

OQBA 

C7 

OBCML: 

BOV  A #S 

OQBB 

SC  00 

CSI  0 

{VALIDITY  CHECK 

OQBO 

ABOEOO 

JZ  ESS 

OOCO 

09 

CSS  0 

{COMSASi  CHECK  SUS  BlTH 

OOCI 

A8CA00 

JZ  VCTS 

{ TABLE.  IF  TAUE.  JMS. 

OOCA 

so 

im  l 

{ELSE  JET  BEST 

ooo 

so 

IBS  L 

OOCA 

so 

IBS  L 

OOC7 

4ABAOO 

JMS  SBCML 

OOCA 

SO 

VCTS: 

IBS  L 

(SOIBT  TO  LOB  ADO 

OOCA 

cr 

acv  b,m 

(SAVE 

oocc 

so 

I«  L 

|S0I»1  TO  HI  ADO 

OOCO 

07 

sov  c,s 

{SAVE 

OOCE 

2EI0SAFD 

LXI  M v jUMS 

(SOI AT  TO  JUST  LCA 

0002 

Si  44 

SVI  ftv  4«4 

0004 

SC 

IBS  L 

(LOAD  VECTOR 

0009 

F9 

SOV  M,B 

OOOA 

SO 

IBS  L 

OCO? 

FA 

NOV  M#C 

OOOA 

4A7IS0 

CALL  CALF 

00  00 

A4F0I3 

EXtC : 

JMS  JUBS 

(EXECUTE 

00  OE 

2E2ASAOS 

ESS: 

LXI  M.LESS 

(ESSO*  MS st  OUT 

00E2 

44ES00 

CALL  LIST 

OOC) 

449700 

JMS  CATSL 

(TSY  A5AU 

I IMIS 

X0U7 1 %Z  IS  USEC 

TO  OUTPUT 

i STS i ass  of  alFa-ajs 

CHARACTERS 

OOES 

CF 

LIST: 

MOV  0,M 

(OUT  SE3ISTCR 

00(9 

C7 

SOV  A^ 

OOCA 

SC  00 

CSI  SCMAR 

(IF  DOME  SET 

OOCC 

20 

sz 

00(0 

4A7C0C 

CALL  CC 

(SRI AT  CHAR 

ooro 

SO 

IBS  L 

(SOIBT  TO  AEXT 

oori 

ABESOC 

JBZ  LIST 

(CHECK  FOR  SA *2  BRAS 

OOF  « 

20 

10  H 

OOF) 

AAC80L 

JMS  LIST 

(OE  AEXT 

t *aCT'  IS  USED  TC  cOAD  AUM  OAT* 

t irrc  oosbo  os  las  els  i»to 
i my  desired  buffer.  : as  eats 

t *CD  * AS  THE  STOP  CHAU, 
t BUTTES  C ABBOT  ST AST  AT  XXOO. 
t DOCS  BOT  ECHO  A CABAlAQE  SET. 

| * SUB OUT  * ERASES  PREVIOUSLY  LATERAL 
I CMASACTESS  IS  SUCCESS! OA. 

I * COSTS  Ot  2’  IS  USED  TO  OUTLAY  THE 
I COBTESTS  OS  The  BCXI  MEMOS Y locatioa. 
t SET  JABS  BITS  LOB  SOI  ATES  AT  SCHAS. 

I 

OOSS  ttlOSAAO  JET i LX!  H.DOSBD 

OOTC  E«  JETD:  BOV  E »L 


{DEFAULT  BUFFiR 
(DESIRED  BUFFER  «.aTRY 


(SAVE  LO  POINTER 


OOFD 

444900 

CNTUt 

CALL  Cl 

tTVr  INPUT 

0100 

3C7F 

CPI  AIOUT 

I IF  AUIOUT 

0102 

CI2C0I 

JZ  CRASC 

|THCN  LA  Alt, 

0109 

3C0I 

CPI  AIT 

tCONNAAO  CXI  I 

010? 

449*00 

jZ  cntrl 

OIOA 

3CIA 

CPI  SUIT 

(01  SPLAT  NEXT  CELL 

(TO  ALLOV  FOA 

(SUMTITUTIOA. 

OIOC 

ill  £01 

JZ  CATU4 

01  Of 

3C00 

CPI  SCMAA 

(IF  00  AC  ALT  JAM 

01  1 1 

411401 

JNZ  CATUt 

0114 

F| 

NOV  A. A 

(STONE  STOP  CHAR 

01  19 

0? 

ICT 

01  14 

447COO 

CNTUI : 

CALL  CO 

(CCNO  OUT 

0119 

F 9 

NOV  R,l 

(LOAD  INPUT 

01  IA 

30 

III  L 

(POUT  TO  NEXT  CCU. 

01 II 

44FD00 

JNP  CMTU 

t JC7  NEXT 

01  IE 

c? 

CMTU4: 

NOV  A.N 

1 CHECK  FOA  COL 

oi  tr 

3COO 

CPI  SCNAA 

0121 

4A7400 

CZ  CALFO 

(IF  TRUE  .k I Me -r£LD 

0124 

CF 

NOV  B,N 

(DISPLAY  CONTENTS  OF 

(CUAACAT  CELL 

0129 

447C00 

CALL  CO 

0121 

30 

IAM  L 

('OUT  TO  NEXT  CELL 

0129 

44FOOO 

JNP  CATU 

tier  next 

1 'ERASE'  IS  JSlD 

TO  AUfi  OUT  4* 

l INCORRECTLY  CATE 

RED  CHAR . 

0l3C 

31 

E9Ai£: 

OCA  L 

(POINT  TO  LAST  INPUT 

0120 

04 

NOV  A,L 

(Check  to  ensure 

3121 

•C 

CNP  £ 

( input  iufer  ni_ 

0129 

403301 

JNC  ECHO 

( NOT  ONOERFLOV 

01  32 

30 

IA«  L 

( RESTORE  LO  POUT 

0 1 13 

:f 

ECHO: 

NOV  |,N 

(FETCH  BAD  CHAR 

0134 

447CJ0 

CAL 4.  CO 

(REPEAT  CHAR 

013? 

44FOOC 

JNP  CATU 

t 'strip*  ZM*»iu 

ASCII  UTJ 

1 SPECIAL  IOC  OSLO 

•Y  THE 

; FL0ATIA3  PCI »T  ROUTINE 

i m,l 

NUST  POUT  TO  SUFFER 

0I3A 

C7 

STRIP: 

NOV  A,N 

(FETCH 

01311 

3COO 

CPI  SCMAft 

(IF  DONE  RET 

0130 

2B 

AZ 

0I3C 

1430 

SU1  SOM 

(ICO  CONVERSION 

0140 

FI 

NOV  N,A 

(STONE  ICO 

0141 

30 

IAP  L 

(POINT 

0142 

443 AO  1 

JNP  STAIP 

(OCT  NEXT 

t *oisrr*  converts 

SPECIAL  ICO 

1 FRO* 

TH£  FLOATIAC  POINT  AOUTIAC 

: TO  ASCII. 

0149 

2f  100490 

DISPY* 

LXl  M.R2SLT 

|90X4T  TO  SUSP 

0149 

014* 

0I4C 

C9 

OCOO 

20 

3XSPL* 

NOV  AJI 

C91  SC*A* 

42 

iPtTCA 

1 19  0042  42T 

0140 

o 

3 

o 

AOX  OON 

(SCO  TO  ASCII 

0149 

90 

NOV  N .A 

1 STONE 

0190 

00 

im  l 

0191 

444901 

1 *0X401 

jm  31  SOL 

r CM* 442 I 4*4  914*09  0*T* 

I TO  9L0ATI48  XX  NT 

0194 

C9 

01499* 

NOV  A,N 

tPCTCN  Ml  OYTE 

0199 

CO 

NOV  S.A 

0194 

OO 

im  l 

0199 

09 

NOV  C.R 

(FETCH  LO  STT2 

0190 

*0 

AN*  A 

iCLCAA  CAAR9 

0199 

2411 

NV1  £,  1 7 

I A2S2T  COUNT 

0190 

904001 

SH19T* 

J*  EXIT 

(19  42JATXVE 

I DATA  IS  «0»N 

01 9C 

co 

NOV  9, A 

iSAVC  MI 

0199 

2S 

OCA  E 

|2:2*l 

0140 

408201 

JZ  32  £4 

1 IS  0 

0140 

C2 

XV  A.C 

(LOAD  LO  SYTE 

0144 

AO 

ANA  A 

* CLEAN  carry 

0149 

12 

PAL 

(TWO  SYTE  SHIFT 

0144 

X 

XV  C.A 

i To  the  an 

0149 

Cl 

XV  A.B 

0140 

12 

PAL 

0149 

AO 

ANA  A 

*SET  C4T4L  BITS 

014* 

449001 

JN9  SMI  FT 

(NEXT  SHIFT 

0142 

2499 

2*1  T* 

AAl  79* 

*POS  HUN  MASK 

0149 

22100499 

LXl  M .STONE*  1 

0190 

9« 

XV  H.A 

*X  99  BYTE 

0194 

OO 

144  L 

0199 

94 

XV  H . C 

(NEXT  99  BYTE 

0194 

00 

144  L 

0199 

OCX 

NV1  N.J 

tLS  FP  BYTE 

0199 

049r 

NVl  A.7FX 

I EXP  ADJUST 

0191 

• 4 

AOO  E 

(B1 AS-4SM1FTS 

01  9C 

22100494 

LXl  M .STONE 

0140 

94 

XV  NVA 

(STORE  EXP 

0101 

09 

PET 

INONNAL  EXIT 

0102 

22100494 

2224* 

LXl  M .STONE 

(OATAsO 

0104 

OCX 

NVI  M.O 

0100 

09 

1 *99411 

PET 

(0  EXIT 

1*  c manses  floating  point 

t TO  0X4*49.  ML  MOST  POINT  TO  Ml  ON  OYTC 

* 09  99 

DATA  UPON  ENTRY 

I 4 AN  4CSULT  IS  !«  02. 

0149 

C9 

99914* 

XV  A.M 

010* 

1400 

SUX  SOM 

(STRIP  EXCESS  BOH 

010C 

C4 

XV  4. A 

(SAVE 

0100 

0410 

NV!  A.  14 

(2  BYTE  BIAS 

OlflF  91 

999  • 

»C099UT£  # SMI m 

0190  Cl 

999  9,4 

IS9VC 

0191  M 

im  l 

0191  C? 

99V  4*9 

0194  1490 

Oil  999 

If099  999TTE 

0199  09 

99V  9*9 

IS9VC  IT 

0194  M 

im  L 

0197  £7 

99V  f,9 

l*T  LS9TT4 

0199  C4 

caTuit  90v  4,o 

iftUTOOE 

0199  M 

099  4 

iSMin  2 ITTU 

0199  14 

999 

0199  Oi 

99V  0,4 

0I9C  C4 

99V  4,4 

0190  14 

199 

0I9C  £0 

90V  E ,4 

0199  09 

0C9  • 

iCNfCI  C0U9TE9 

0190  499901 

wi i c«ru4 

0194  07 

9£T 

DISPLAY  LlOMT  DOL TittS 

USCO  TO  OUTPUT  VOLTAIC  DATA  TO  TNC 

DISPLAY  L1TU.  DATA  IS  OUTPUT  11 

4 siMiriCAiT  nomu.  tnu  stent* 

ALSO  COAT  AIM  TNC  LlTC  TUT  AM  LlTC 
SLAM  FUNCTION  MICA  AM  CALLtD  AS 
PAST  OP  SYS TIN  SOOT. 


0000 


00  A 01  COM 


MUATU  MT  AMOTATCO  il  TNU  SiCTlOl 
CAS  SC  FOUNO  11  PlCVlOUS  SCCT10M 


10  TO 

Cult 

COU  10 tom 

IDCCIMAL  NUULT 

00PD 

MINUS 

COM  or  ON 

j •-*  - 40M 

oort 

DCCPT 

cou  ores 

1 * . * - 40M 

OOfO 

SPACC 

cou  oroi 

»*  * - 4 ON 

I04C 

SSTAT 

COU  I04CN 

tSUl  STATUS  S TON  A it 

004C 

STaT 

COU  04CM 

j SSTAT  POUTtN 

0040 

PLO 

COU  04 ON 

|P0S  S1M/LATCA  OFF 

OOOA 

LT 

COU  OAM 

(LlTC  TUT  COMM  AID 

ooro 

DOM 

cou  otom 

I DiC  POUT  Off  NASA 

ooco 

OPOL 

COU  OCON 

1 DP  11  LlTC  «0 

00  DC 

OPIL 

COU  ODOM 

I BP  il  LlTC  #1 

ooto 

0P2L 

COU  ODOM 

(DP  11  LlTC  t 2 

0070 

0P4L 

COU  OTOM 

l OP  11  LlTC  #4 

I OUTPUT  SI  41  AM  STONE 

AS  A STATUS  WORD 

01  CO 

2C 104470 

OlSPLl 

LXi  M.ACSLT 

IPOUT  TO  AiSULT 

0IC4 

C7 

MOV  AtM 

jfCTCM  Slil 

0IC5 

H4C 

MV1  L.STAT 

OICT 

4cro 

CPI  Nlius 

I IF  - JUMP 

oic> 

41 020 1 

JZ  SC TP 

OICC 

0410 

SCTPt 

NV1  4.10 

!♦  A10  01SASLA. 

Old 

55 

OUT  2«-S 

OICP 

440501 

JMP  ClTU 

0ID2 

0440 

SCTMt 

NVl  A.40M 

I-  AID  DUAALt 

3104 

55 

OUT  2*4 

0105 

f • 

CITUt 

MOV  N,A 

iSTOMt  STATUS 

! pctcm 

QUITS  PNOM  PUULT  • UFFCR. 

| AID  OUTPUT  TO  01 splay 

Ll  3MTS 

01 M 

4471 

« 

MVl  L,7|M 

1 3CT  FUST  01 41 T 

OIOS 

C7 

MOV  A.M 

01  Of 

4 cn 

CPI  DCCPT 

0)00 

44  5404. 

JZ  ZUO 

(IF  DP,  ADD  LCAD11C  0 

01  DC 

or 

MOV  D,N 

(SAVE  FUST  J1  JIT 

oior 

40 

1M  L 

01  CO 

C7 

MOV  A.M 

(FCTCM  ItXT 

0IC1 

4crt 

CPI  DCCPT 

OILS 

402402 

JZ  LZCNO 

(IF  OP,  JUMP 

Oill 

0800 

091  9*0 

lUM  OUTPUT  rios? 

otm 

400902 

CO AL  900* 

otm 

yeti 

cpi  aten 

ICM8CB  209  91  ALT 

010 

407902 

ji  mt 

oiro 

0801 

■01  4.1 

airs 

400902 

COAL  0000 

om 

3cn 

cot  KCOT 

om 

000*0* 

Jl  not 

01 9A 

0802 

RVl  9.2 

OIPC 

400902 

COAL  MOO 

oirr 

jcri 

cot  98COI 

0901 

409302 

28  Mi 

0204 

0803 

Ml  0,3 

0204 

440902 

1 

1 OUTPUT  a 01  «1  T kirn 

I 

MOO t Ml  4.009 

if  XI T 

AC  OP. 

0209 

ooro 

otm 

93 

004  9 

{ATTACK  DATA 

otoc 

441302 

CALL  LITE 

{OUT 

otar 

or 

PCV  0,0 

{SAVE  0U1T 

0210 

30 

190  L 

021 1 

Cl 

•CV  A, 9 

(PATCH  44XT 

0212 

07 

917 

1 

S OUTPUT  A40  LATCH 
( AfSISTEP  B COAT  A 1 4* 

1 

LITE:  *0V  t ,L 

PUX  A90  09  LITE 

0213 

E4 

(SAVE  POl AT 

0214 

2crr 

xoj  orr* 

02 1 C 

37 

OUT  4*3 

(DATA  OUT 

0217 

2CI0344C 

LX 2 H.S2TA7 

1 i£7  STATUS 

0218 

C 7 

OOV  A.P 

021 C 

ft! 

004  9 

(ATTACH  *UX  iBfC 

0210 

33 

OUT  «»2 

(PUX  AAO  SI  44  OUT 

0211 

2CI0 

KOI  10H 

0220 

33 

out  •♦a 

(SET  LATCH 

0221 

2C10 

X91  1 OH 

0223 

33 

OUT  4*2 

ilatch  orr 

0224 

94 

90V  l,£ 

iUstool 

0223 

07 

NET 

1 

I OUTPUT  UADI  43  U* 04  19  BALDED 
| TO  CMA03C  9900  SC1EBT191C  AOTATlOA 
t TO  rtxiD  POl AT • 

0224 

347C 

LEEOOt  RV1  L.07CM 

0228 

C7 

90V  A, n 

CPI  SPACE 

1 OAT  tXP 

0229 

3C90 

0228 

403302 

JA2  UE9I 

(COATiAUA  if  AOT  * 

0221 

3472 

9VI  L.072H 

( AESTOAt 

0220 

443C02 

JMP  OPO 

0233 

or 

LiEJUt  90V  D.9 

0234 

3471 

9VI  1,71* 

02M  OCOO 

INI  9,0 

3M  04(0 

AVI  4,0/04. 

to  ♦ i oa 

QUA  441  SO* 

CALL  L1TC 

OSJD  00 

im  • 

Nil  04/0 

AVI  A, OOP 

it  ♦ at  oa 

0(40  44 1 002 

CALL  Lin 

0(41  It 

oca  o 

0(44  It 

oca  o 

0(4 5 OOtOOf 

JZ  OUT!  2 

0(40  00 

I*  • 

0(4t  04/0 

AVI  A, OOP 

NO  441502 

CALL  LITE 

0(4f  It 

OCA  9 

0(4/  40TT02 

jz  out:  i 

0(52  00 

i»  i 

0(55  94/0 

AVI  A(OOP 

0(55  441502 

ji*  Lin 

ifXlT 

9(50  5471  ZfAOi 

AVI  L • 7 !H 

025 A 1(00 

AVI  9,0 

| DATA 

t 

I lBOlVIDOAL  SUIT  OUTPUTS 
I 


025C 

OCOO 

DPOi 

AVI  9,0 

029C 

04(0 

AVI  A.9P0L 

0(40 

•5 

QPA  0 

0241 

441502 

CALL  LIT! 

0(44 

50 

0UT5 1 

laa  L 

0(45 

C7 

AOV  A, A 

0(44 

54/0 

oil  dop 

0(40 

0(01 

Avi  i,i 

0(4A 

441502 

CALL  LITE 

0(40 

50 

OUT  2 1 

im  l 

0(4f 

C7 

AOV  A,A 

0(4/ 

54/0 

081  OOP 

0(71 

0(02 

AVI  4,2 

0(75 

441502 

CALL  LITE 

0(74 

50 

OUT  1 1 

im  L 

0277 

C7 

OUTZ 1 i 

AOV  A, A 

0(7« 

54/0 

081  OOP 

0*7  A 

9(05 

AVI  1,5 

0(7C 

441502 

JP/  LIT! 

0(7/ 

0(01 

oait 

AVI  §*! 

0(81 

0400 

AVI  A.O/IL 

0(85 

85 

08A  0 

0(84 

441501 

CALL  L1TC 

0(87 

444002 

JP/  OUT  2 

0(8A 

0(02 

oats 

AVI  9,2 

088C 

0480 

AVI  A.0P2L 

928f 

15 

08A  0 

018/ 

441502 

CALL  LITE 

0292 

447402 

JP/  OCTl 

9(99 

9(05 

3/5* 

AVI  S,5 

9(97 

0470 

AVI  A.9/5L 

0(9t 

•5 

08A  0 

I ATTACH  DATA 


I ATTACH  At  OP 


if  XI  T 


; ATTACH  DATA 


<« 


029A 

441902 

J9P  LlTt  |C21T 

0290 

C7 

OUTZtt  MOV  A.9 

091  9011 

029C 

9470 

02A0 

0(02 

9V1  9,2 

0242 

441902 

CALL  L1TC 

0249 

90 

ltt  L 

out 

447402 

JP*  OUTl 
t 

I OUTPUT  CM4SSCL  SU90CSS 

out 

0(07 

\.1TE(  SV1  9,7  (LITE  ADDSCSS 

ouo 

9470 

Oil  009  t ATTACH  90  0.7. 

024D 

441902 

CALL  LITE  (OUTPUT  CMASSCL  # 

oato 

0(04 

MVl  »•« 

oat  z 

0470 

AVI  A, 009  (OUTPUT  *0* 

0294 

441902 

J9P  LITE 

( 

( Ll  XT  TEST  A*D  SLAM 
( CALLED  DUAIAj  70VEA-UP  09  «UiT 
( ACCU9  COtTAlif  TNC  DISPLAY  DATA. 

( KES1STC9  • COSTA! AS  THE  AUX  LITE  SU99EA 

0297 

0(07 

IeSTi  AVI  0,7 

0299 

2CI0944C 

LX!  H.SSTAT 

0290 

9(10 

AVI  A , (OH 

0297 

1 1 04 

AVI  D,LT 

02CI 

C9 

TUTU  AOV  A#0 

02C2 

441902 

CALL  LITE 

02C9 

09 

DCS  » 

02CC 

90CI02 

JP  TUTl 

02C9 

07 

SET 

02CA 

0(07 

SLAM | AVI  9,7 

02CC 

UI09C4C 

LXl  H.SSTAT 

0200 

9C90 

9#PL0 

0202 

1177 

AVI  0.077N  (TUSk  C 77  L1TU 

0204 

44CI02 

J9P  TUTL 

0000 

ESS 

PftOQRA*  SfAwi  OJOOM  TO  OTFFN 
IS  OS  10  FOA  TN£  FL0ATU3  POUT 
PACKAS&.  APPU3U  C MCSEftTS 
CXCOIPTS  mop  TNC  UTCL 
USCJtS  LXMAAY. 


*1 


0000 


ooot 
000? 
0009 
1000 
io«r 
0000 
m ci 

0071 

oors 

019A 
0194 
01  CO 

om 

0PM 

OfF« 

orrc 

1940 
1090 
1070 
oTor 
090E 
0 991 
0997 
0904 
09  OC 
0904 


2472 


A/9  SMFU  AMO  NOLO 

TMU  SKCT10M  COMTAlMC  TNt  COM  TO  PAoPaALY 
0A1V4  THE  *OATCL*  (fM  TUT)  DATA 
AC0U1S1 OM  MO  OULU.  ALSO  1MCLUD&0  IS  THE 
HUB*  MOOT  1 Ml  MUM  9CAEAATU  TME 
VOLtMCTEA  OUTPUT  OM  TN{  DISPLAY  LlJMTS. 

0A3  OOOOM 


EOUATU  MOT  ASMOTATtO  CAM  U POUMO  lA 
PIISVIOUS  SECT10MS. 


CMC 

SOU  9 

(OUTPUT  POAT  1 

LSYTE 

EOU  7 

llMPUT  POAT  1 

NiYTE 

ESC  9 

llMPUT  POAT  2 

MM 

EOU  1 94  DM 

(AAV  OATA  laPuT  AUPPEA 

MUM  CM 

EQU  194PM 

(OCPAUT  ML*  CMAMMEL  STOAE 

SCMAA 

EOU  OOM 

(STOP  CMAA 

LIST 

EQU  004 MH 

(OUTPUT  1 USE 
(OP  TEXT 

CSLT 

EOU  007 1M 

(OUTPUT  CAAAA3E  A£T- 
(L1MC  PUD 

JET 

ECU  OOP  AM 

| IMPwT  OATA  PAOM 
(OPEAATOA 

STA1P 

EOU  019AM 

(SCO- ASCII 

SlMPP 

ECU  0194M 

(P.P.-01M 

9ISPL 

COL  01  COM 

(OUTPUT  OATA  70 
(L19MT  DISPLAY 

CLITE 

EOU  02APM 

I OUTPUT  CMAA  0 14 
(‘A*  TO  01  SPAY  L19MTS 

12 

SOU  0PP4M 

1 10.0 

19 

EOU  OPPSM 

( 019.1? 

14 

EOU  OPPCM 

1 S1M1.9 

OOP  MO 

EOU  1040M 

sToor 

EOU  199SM 

AULT 

EOU  I070M 

out 

EOU  0?0PM 

LOO 

EOU  09 4 EM 

STM 

EOU  099CM 

AO 

EOU  9907* 

St 

EOU  0904M 

MUL 

EOU  090CM 

01 V 

1 

1 MCSS4 

EOU  0904M 

iXS 

LAUD 

EOU  2472M 

1 *SM0L9*  EXECUTES  OAC  SAMPLE  AMO  MOLD 
I CYCU,  AMO  ! SPOTS  A OOUOU  SYTE 
I or  AAV  DATA. 

| l NUT  I ACM  COST  AIMS  MUX  CMAMAEL 
I N.L  P01MT  TO  LSSYTE  ST0MA9E 


‘2 


i misTusi  a»i 

I OUT  AWT  i 'A'  8CSTAOYEO,  L*L*l 


I 


0800  *413 

ftMOLOt 

0R2  10* 

(RESET  A/D 

MODULI 

0802  5* 

out  cro 

080*  *418 

882  ION 

isarple 

0805  5* 

OUT  CJ10 

0804  8CI0 

Ml  ION 

I MOLD 

8888  5* 

OUT  CRD 

0808  4ft 

READ li 

2 • NftYTE 

Q80A  2440 

AR2  40M 

(CHECK  FOR 

END  OF  C01VERT 

OftOC  480808 

JR2  RfADl 

080P  4P 

21  LftTTE 

(1MUT  AAA 

DATA 

881*  2CFF 

182  open 

8812  FI 

ROV  R,A 

881*  *1 

OCR  L 

8814  4ft 

It  NftYTE 

8815  24*F 

All  *PN 

881?  2C*F 

XR2  *FH 

8815  F8 

ROV  N,A 

981 A 0? 

! *RV1  * 

RET 

CMAA3ES  RAW 

FLOAT  113  POUT 

DATA 

I TO  VOLTAOE  (MI1TS  PRCPCRTlOAAc 
I TO  THE  RAW  DATA  FROP  THE  A/D.  ~V*1‘ 
l A CR FORKS  THE  1 AVERSE  OPERATIC*. 


< 


0811 

2E 10*454 

RV!  i 

LX1  M.STORi 

OftlF 

44420* 

CALL  LOO 

l AMI 

0822 

2S0FE4F8 

LX2  H ,1  * 

0824 

44840* 

CALL  02 V 

(A*A/8I5* 15 

0828 

2E0F*iF  4 

Lll  N.22 

0820 

44040* 

CALL  Sft 

(A*A- 10.0 

08*0 

9? 

RET 

98*1 

2E  19*454 

VRli 

Lll  H, STORE 

08*5 

44420* 

CALL  LOO 

(AMI 

08*8 

2E0F*4F« 

LX2  M , 1 * 

08*C 

448C0J 

CALL  PUL 

|A*A«8I5.|5 

08*F 

2E0F*4FC 

LXl  H * 1 4 

084* 

44DT0J 

CALL  AO 

(A«4«4l5t  .5 

0844 

0? 

RET 

I 

I ‘READ*  U USED  FOR  CAL 2 MAT  10*  OF 
I ART  DU  1 RED  CMAAACl.  OUTPUT  IS  0*  TKi 
I 02  22  TAL  D2 SPLAY  2A  VOLTAOE  UA2TS. 


084?  2E24*4?2  isADt 
0848  4SI800 
Q84C  44FS00 
OftSl  44? IOO 
0854  tf  101440 
0858  44*  AO  I 
0858  22  10)440 
085 F C? 


LI 2 H.LREAD 
CALL  LIST 
CALL  SET 
CALL  CRLF 
LX  2 N ,00810 
CALL  STRIP 
LXX  H, OOP ID 
POV  A, A 


I PROMT 

1 2 APuT  CM.  10. 


|8CO*ASC2 1 


otto  IE  101*40 
o§44  r« 


0008  tf 101440  *CXT» 

Q04C  CT 
0040  <4101401 


0074  447401 
0077  481000 
007*  00101070 
00 Tt  400007 
0001  40COOI 
0004  49 

0007  I* 

0004  404000 


UU 

no % n»* 

CALL  CLITI 
LX I 4.0UXCA 
nov  a*m 
LXl  M#RAM*  I 
COLL  SKOLC 
COLL  01 *07 
COLL  RV1 
LXl  N.RttLT 
COLL  000 
COLL  DtSOL 
10  4 
000 

jc  «CxT 


0009  447100 
Q00C  444704 
0000 


COLL  CRLO 

JO  MEAD 

(•0 


(STORE  CM.  AO. 


01 SOLA T CM. 
COAT  lAUt 


iuiim  on. 


AO. 

AO. 


001  AT  TO  Jim  STORE 


OCT  SATA 

CO* VEST  TO  7.0. 

CMAAAE  TO  VOLTS 


SCO-f  .0. 
disolat 

0CAA  TTY  00*  1AT 
SET  CARAT  OLA 3 

10  AO  UT,  3ET 


SAME  CMAAAEL 
ELSE  OAOOOT 


H!Hf  ! hK?  filiiSIflililit! 


DATA  ACQUISITION  AOUT1ACS 
TNUi  IOUTIIU  AAC  UUO  TO  UMDATi  AUMtAXCAL 
LAlftl  AAO  TO  AtOVXOC  COITX AO  CAMASXlXTY 
rot  amotatx  a*  aay  aivf»  aua. 

1A  amxtxoa.  tmc  *AAXT*  AOUTXAiS 
raovxot  foo  vaaxaau  timc  moats  mtaula 
mo*r%  m sammlcd  data  aci  at* 


OAt  OSAO* 


COUATU  AOT  AAACTATCD  CAA  At 

rouAC  xa  factious  scctxoac 


w 

Lf 

COL 

00* 

ILXAC  fCCD 

SCMAA 

cou 

00* 

iSTOf  CMAA 

ANCAD 

COL 

If  00* 

|0 Jff  fOA  T1U* 

CATAU 

cot 

00»7* 

tSYSTC*  MO A I TOA 

dclay 

cot 

004 V 

IKXU.  TIMA  LOO* 

CO 

cot 

00  7 C* 

tCOOOOU  CUT 

A£COS 

COL 

OOAI* 

{COMMA AC  ACCUOAXTIOA 

3CTD 

COt 

OOf  Ch 

tXATC  AAY  SUfFCA 

CALf 

EOc 

0071* 

LIST 

cou 

oats* 

MI 

cot 

OOf  A* 

STAX* 

cot 

OliA* 

do*  ad 

COt 

1040* 

ruj 

cot 

1070* 

STACK 

cot 

10 AO* 

At  AAC 

1 

cot 

OAY* 

ItSA  Of  COOMC  At. 

I 


I ACS  A its 


I 


LIMA 

cot 

2400* 

LAAX? 

cot 

2<7C* 

LCAA2 

cot 

2421* 

lAUA 

cot 

2 7 »0* 

LCOM 

cot 

2 7 AC* 

I 

I *COOAO*  UPDATES  TMC  COOADXAATXOA 


OCAA 


I AUMtt*  Of 

1 

COOADt  LAI 

A 3XVCA  AUA 

• 

2£ 1 004AY 

H.STACKO 

IwOAL  COOADXAATXOA 
1 AUMACA  XATC 

5 A.i.C.D 

C7 

MOV 

A,P 

01 

DCA 

L 

07 

MOV 

C.M 

u 

DCA 

L 

Of 

MOV 

o.* 

0401 

ADX 

1 

1 1 AC ACM! AT  AAD 

1 OCCXMAL  ADwUST 

StSA 

C*I 

AAA 

»•:  ASCII  10  7 

0041 

40*909 

JVC  40»l 

1 JUX  IS  TRUE 

XftC 

C9 

NOV  ft ,4 

t(LS(  RESTORE 

m> 

44C009 

JOT  000(1 

{EXIT 

N»4 

0100 

40*  i:  NVl  ft, ’O’ 

t RESET  UNITS  01  (IT 

aiN 

ct 

NOV  4,0 

lONCCk  10 *S  01  (IT 

mi 

0401 

401  1 

m 9 

3C34 

CPI  U* 

om* 

40C204 

JVC  40J2 

one 

00 

NOV  C,4 

4»r 

490009 

JOT  000(1 

aoca 

t«so 

40*2:  NVl  C.’O* 

t RESET  10’S  01 (IT 

39C< 

03 

NOV  4,0 

jCHECA  IOC’S  01  (IT 

Q0C) 

0401 

401  1 

09C7 

3014 

0*1  344 

ate* 

401*04 

J9C  4 D*3 

atcc 

0 B 

NOV  0,4 

09  CD 

U91 

000(1  J NVl 

1 STONE  XV  4UH6E* 

09  CF 

f9 

NOV  N,B 

0900 

31 

OCR  L 

0901 

r* 

NOV  N,C 

0902 

31 

KK  L 

0900 

n 

NCV  N,D 

0904 

CF 

NOV  ft  ,4 

i output  vc v nurse* 

0901 

447000 

C4U.  CO 

0909 

30 

X*  L 

0909 

or 

NOV  ft  ,4 

0909 

447000 

C4U  CO 

0900 

30 

im  l 

OCX 

CF 

NOV  B,4 

090f 

447000 

C4U  CO 

0912 

0(20 

NVl  b , ' • 

1 OUTPUT  2 SPACES 

0 91* 

447000 

C4L1  CO 

09*7 

447C0C 

C4U.  CO 

0919 

0* 

WT 

tftOCA  TC  C4i^c* 

091* 

1 £3C 

* Dm3:  NVl  0,’0* 

(OXRFlUV 

09 10 

440004 

JN P 00*1 i 

1 

1 •HUOOO"  PRINTS  OUT 

1 17  IS  ENTERED  VIT4 

1 CMiaS  THE  user  TO 
1 RUN  NUNftEft  INTO. 

•RW4  X.  ’ 

’CONTROL  ft’,  440 
INSERT  OES1REO 

ooro 

2(273443 

1 

momcs  lx!  h,l*u» 

l ’RUN  X. 

09*4 

44(200 

C4L*.  LIST 

oon 

2(113400 

LXl  N , 1 1004 

1 11444  44  (E 

oon 

44  re  00 

C4U  *TL 

09ft 

444^00 

jFp  cm*. 

t 

| •CN4T*  IS  USC 0 TC  FI 4a  440  (VTC* 

1 4 OX  LI X C0NNC4T. 

0901 

2(273440 

CN4T:  wXl  N,LCON 

«'•••••  ’ 

0901 

44X400 

C4U.  LIST 

0909 

2CI 13400 

LXl  H.I1004 

|»L4M  ft4  (A 

OtOt  44TC00  CALL  3ETE  llSPUT  COTWU.A? 

09OF  449700  JHP  CsTRL  :WH£R  DOW*.  uLUP 

: 

J •EDIT'*  FORfUTS  THE  *FlL£"  IAFORIUTIOA  FW 
t LATER  PFtlRT  OUT.  USES  tF  as  Tn*  LAST 
t S»TRY  TO  TERRI MATE  THE  RECORD. 

I "COSTROL  F"  IS  USED  TC  EXIT  THE  RC\,T  1 Hi  cSEY 
; AFTER  EOITUG  AS  EXISTISG  Flu*.  “CosTROc  Z“ 
t IS  USED  TO  STEP  FoRtWARD  TMROw-H  AS  eaISTUG 
; RECORD  IS  OR OCR  TC  SUfcSTITl/T*  CMARACTtRS. 

; *RU»0U7“  IS  USED  TO  STEP  WACX WARD  ThhuL^  *S 
t EX1STIS5  RECORD  IS  CROC*  TO  SwfcSTITLTE 
t CHARACTERS  fRttfOLT*  ALWAYS  PR£c**DS  THE 
; SEW  CHARACTER  STRIB3). 


0912 

2E 1 F340 1 

EDIT: 

LXi  H #fch*Ai>*  1 

; TCP  OF  SLFF-H 

09*  A 

4SFC00 

ELCORs 

CALL  3ETD 

0919 

44*M0C 

CALL  CRcF 

09 1C 

31 

OCR  L 

; FET wH  WAST  tSTRT 

091 D 

C7 

HOV  A.w 

09 1C 

3c  0 A 

CPI  cF 

J*F  ~F . Th*S  DOSt 

0920 

44  9 TOC 

J7.  CSTRl 

0920 

30 

IWF  L 

lEi.SE  COST  1 wLt  tS.HltS 

0924 

30 

1*R  L 

0929 

44 1409 

» 

LHP  EcOOP 

: ’HOR  • 

PRISTS  CLT  Th* 

HEAD*.  WtuCH  WAt 

ERTERED  i't  Th£  AbCVE  RCUTlW*. 

IT  IS  AuSC  USED  TC  OLTPlT  MwlTI-cIse 
RECORDS  WHICH  £s:  WITH  A s£P AR  AT*  „F  CR 
SEWJCSCE.  COSTA Iws  AS  OVERRjS  PPCTtCTICS 
TO  PREBVEST  a j*  I Wf  I SITE  Cc7*JT  ..OOP 
IS  THE  EVERT  THAT  THE  FIRST  wAt*  TL  ”*DI 7* 
WAS  ESDED  WITH  ‘ctisTRUc  F"  HaThER  Th*s  tF. 
COHHASD  WORD  FOR  £STRy  "FIwt" 


0924 

4471 00 

MDR: 

CALL  CRcF 

092E 

44^100 

CALl  CRcF 

0921 

211F3401 

LX  1 h ,RHEaD*  l 

0932 

C 7 

HLCOP; 

HOV  A,P 

0933 

3C0D 

CPI  ScHAR 

{CHECK 

FOR  tC*. 

0939 

44*0$ 

JZ  St XT 

0934 

3C0A 

CPI  cF 

;Ch€c? 

FOR.  *0R 

0934 

449139 

JZ  DOSE. 

093D 

c* 

HOV  E ,A 

|PRIST 

CHARACTtR 

093 C 

AW’COO 

CAE*  CO 

0941 

30 

ML  1 : 

I SR  L 

; SET  AWCThtF 

0942 

C4 

SOV  A,L 

{CHECK 

FDR  OVtRRLS 

0943 

3 c DC 

CPI  0 

0949 

449909 

JZ  ERR2 

0944 

443209 

J*P  ML  OOP 

094R 

44  71  30 

*EXT: 

CALc  CRLF 

{ECL 

394* 

444109 

JHP  MU 

0991 

447  IOC 

DOSE 2: 

CAcL  CRLF 

b 


0934  07 


*£T 

0933  21243  4 29  EPR2:  -X2  M.LER&2  ;£BPOP  '•SO  v,LT 

0999  44E800  CALL  LIST 

093C  07  PET 

1 

: **lLt“  IS  -S£D  AS  THE  EKTPY  POi»T  F-P  THt 
l OUTPUT  Of  THE  HctTI-LlKC  *ECU*D  EKTtRtD 
; WITH  ‘£Oi:*."HLOOP‘  IS  Trtt  l»TPY  POUT 
1 F04  HULTI-LI4E  PlCOPDS  POINTED  TO 
; Hi  Th  HL.  ALL  SUCH  RECUR  DS  -wST  t*D  ml  TH 
; A Lf  C*  SESUEPCE. 

i I»  ADDITION,  ALL  SUCH  PECORuS  HUST  »Ll 

; CP  CSS  PA  IE  BOU»Oah1£S. 

• 

• 

0930  -U2feC9  f 1 -£:  CA*.L  *D« 

0940  449^00  -*P  CMTPL 


"HAIT*  15  -SED  TC  ST.  PE  A j£*.at  ?*ha Pt'ER 
HHICR  IS  USED  BY  *SCA  l\  OPDtS  To 
PROVIDE  A DELA*  BET «££*  DATA  POINTS. 


0943 

2E24367E 

•AIT: 

lx; 

H .lhai: 

3947 

443209 

cal*.  *lqop 

;PP  JPPT 

394  A 

2£ 103480 

LXI 

H , £ 7 ACK  * 1 ft 

, R ti  1 7 »» • T f .A  j 
; TO  TUP  k off 
.•default  CP*.  ,4 

J94£ 

SEX 

PVl 

•.0 

3970 

44A 100 

-.pp 

P£COO 

; SET  «Al  T FAwTOP 
;FfiuP  UPESATu.R 

0973 

2£  iOSAAL 

*32  9: 

lx  I 

H ,S  7 AuA  • 1 4 

;S7-Pi  23MS  -tLAY 

3977 

3E33 

HVI 

-.83 

;FIxE  ST-HA-t 

0979 

Si 

DC* 

L 

097A 

3E0*. 

•VI 

m 3 
• ■» 

; -OAMSt  Jt-AT 

39  7C 

44970L 

*»pp 

C»TnL 

097* 

2E  . J3AAE 

-A  1 3 ; 

LX  I 

H .STACK*-!  4 

;STCnt  l 'PS  jtLAY 

3943 

S£62 

•V! 

-.94 

39*9 

SI 

EXIT: 

DCS 

L 

0986 

3E3I 

•v: 

3988 

449700 

-pp 

C4TRL 

j 

394E 

2£  1 J3*At 

PS  3: 

cXl 

H.STaCa-I » 

;STOPt  SPS  OELA r 

398F 

St  17 

■VI 

-.23 

3991 

448309 

-HP 

EXIT 

"WAIT*  WAP  I ABLE  #AIT  SJBPoUTUt 
CALLED  Bv  THt  SCA 5i  ROUTINE  TO  PPuVI*/t 
®P0VID£  A Dt*.A  Y fc£T »tt*  DATA  ^Ll»IS. 


3994  2Ii3J4A0  WAIT:  W*1  H.S7ACA-13  jCOA PSE  DELAY 

0998  £7  *CV  £,P  {COUNTER 

3999  SO  I9«  L jFlVt  DE-AY 

399A  DF  VLuCP:  -OV  0,«  ;FIU  DELAY  COUATtS 

099B  A^S’OC  CAcL  DE..AY-2 

399E  21  DC*  £ 


OHf  489A09  VLOGP 

39A2  07  RET 

J 

; THESE  ROUTIaES  ARE  USED  TO  iHPROVt 
J OUTPUT  READABILITY  BY  ROUADlbii  THE 
s RESULT  BUFFER  TO  4 SIS  QUITS, 
j “R0EX4"  ASSUMES  DATA  Ac  LARCER  rHAA 
l * OR  - 9999.  AMD  IS  USED  ”Al»LY 
j FOR  V0LIA3E  OUTPUT.  EITHER  “YEStX* 

; OR  “ AGEX4"  RUST  BE  CALLED  AFTER  “HOUAD* . 

: 

j 

] ’RCUAD ' IS  JSEO  TO  OUTPwT  4 SUblFlCAAT 
j QUITS  FROM  THE  DISPLAY  RE  CUTER. 

; A,B,£.H.L  DESTROYED,  AO  IaPUT  RESTRUTIOAS. 
; HATH  IS  1A  ASCII 
I 


DBA  3 

ROUAO: 

•VI  £ ,2 

} t A T p Y CUUATiR 

09A) 

2£ 1034AF 

L*1  H ,ST ACX*  l 5 

; RESET  OVERFlUA  blT 

39A9 

it  00 

HVI  1,0 

09AB 

2£  1 03  4 **  9 

cX!  H.R£SLl*9 

09AF 

3 1 

COAT  t : 

OCR  L 

jPolAT  TO  uSD 

OBiO 

C 7 

•CV  A.R 

t SET  IT 

39b  1 

3C2E 

CPI  *.* 

1 1 F DP,  -UHP 

09b  J 

4BBF09 

oZ  C0AT2 

09BC 

3E0D 

HVI  H.SCHAP 

jELSt  IASERT  CR 

09BB 

21 

DCR  £ 

;AEXT 

39b  9 

4BAF39 

jAi  COHTt 

J IF  t.  : 0 , DOAc 

09CC 

44C40? 

jn?  su 

jCOHPwTE  QUITS 

398F 

31 

CCHT2: 

DCR  L 

39CO 

3t30 

HVI  H.30M 

; IASERT  EERL 

09C2 

21 

DCR  E 

;bEXT 

39C3 

4(£F0S 

J%Z  C0AT2 

;IF  £:0,  DOMl 

09C4 

31 

SI  C: 

XR  L 

; aqI  AT  AT  QUIT 

; TO  BE  OPERATED  JA 

OBL^ 

C7 

HOV  A,H 

; SET  TRIAL  QUIT 

39CS 

3C2E 

CPI  *.* 

jIF  DP  itl  AtXT 

39CA 

480909 

J%z  COAT 3 

{ELSE  C0AT1XU& 

09CD 

31 

DCR  L 

3 BCE 

C 7 

HOV  A,H 

09CF 

3E30 

HVI  H , 30R 

jiASERT  3 

09DI 

3C3* 

CPI  35H 

3903 

400A04 

DC  EXIT3 

39  0* 

44E009 

DHP  COAT 9 

0909 

3C33 

C0AT3: 

CPI  39H 

sir  « 3 DO  ALT 

; ROUAO 

09  DB 

400704 

DC  EXlTl 

09  OF. 

3E30 

HVI  R, SCRAP 

{ELSE  IASERT  »R 

09E0 

2403 

C0»T9j 

HVI  £.3 

jOUlI  COUATtP 

39E2 

3 i 

COAT  4 : 

OCR  L 

j POl AT  A£XT 

09  E3 

C7 

HOV  A,» 

i SET  a£XT 

09E4 

3C2£ 

CPI 

j IF  DP  SET  A*. XT 

09E* 

48E209 

oZ  COAT 4 

Of  £5 

0401 

ADI  1 

{ELSE  1»CA  01 31 T 

OfQ) 

SC3A 

CPI  SAM 

1 IF  . 10  DOAl 

OfCD 

400 fOA 

JC  EX1T2 

Of  FO 

3E30 

MV1  ft  ,30* 

tEwSE  RIPPLE  CARRY 

Of  F2 

21 

OCA  £ 

jAEXT  91  SI T 

Of  F3 

4AE20* 

1 

LAST} 

JAZ  COAT 4 

of  fa 

01 

OCA  L 

{SET  LAST  01  SIT 

Of  FT 

C7 

MOV  A, A 

OfF* 

3C2E 

CPI  *.• 

S IF  OP  SET  AEXT 

Of  FA 

44  F AOS 

JZ  LAST 

Of  FD 

0401 

A ill  1 

llACR  01  SI  T 

Of  FT 

OCOA 

CPI  3AM 

t IF  OVERFLOW  wUftP 

OAO  1 

44130A 

JZ  EX1T3 

0A04 

440  fOA 

EXIT! j 

JftP  EX1T2 

(ELSE  PA I AT 

OAO  7 

0400 

AVI  A.SChAR 

tkCRRAL  EXIT 

OAOt 

F§ 

£X1T2j 

»0V  * , A 

OAOA 

2£ 1 004  70 

tXlTit 

LXl  h.RESLT 

tSlSk  OUT 

OAOE 

CF 

MOV  S,« 

OAOF 

447COO 

CALL  CO 

0AI2 

07 

RET 

OA  13 

3E30 

ExlTJt 

AVI  * ,30* 

llASERT  0 

OA  1 * 

2E  103470 

LXl  H.RESLT 

(DISPLAY  BUFFcR 

OA  1 J 

CF 

MOV  a,f 

tSISk  OUT 

OA  1 A 

447C00 

CALL  CO 

OA  1 D 

0E31 

HVl  6,  * 1 * 

(OVERFLOk  DISIT 

OA  1 F 

447COO 

wAL*.  CO 

0A22 

2EI034AF 

iXl  h , STACK*  1 1 

(SET  CVERFLLk  FLA*. 

OA  24 

3E0I 

AVI  M,1 

0A2* 

07 

RET 

; “ WCEX 4"  IS  -SE3  10  CHAkSE  F*OT  ExPOfctkTlAL 
; FCAftAT  TO  DECIMAL  FORMAT  FOR  ROWERS 
; « .1  . MUST  kOT  BE  aSED  FOR  RESULTS 
J »♦  OA  - >Jff.  AS  THE  RQUTi  kE  ASSUMES  OALY 
I SMU  AUMfERS  ARE  lk  ~l~  FORMAT. 

I USED  TO  IMPROVE  THE  READABILITY  OF 
l VCLTAoE  OUTPUT. 

: SI ik  IS  ASSUMED  ALREADY  OUT. 


I 


0A2S 

2£  1 034AF  A0EX4t 

LXl 

H.STACX*! 3 

(CHECK  FOR  uVEAFLOk 

0A20 

C7 

MOV 

A »M 

0A2E 

3C01 

CPI 

l 

0A30 

4A7E0A 

CZ  i 

EX1T4 

(OUTPUT  CARRY 

OA33 

21 103475 

LXl 

M ,RESLT»3 

(CHECK  FOR  t FORMAT 

0A37 

C7 

MOV 

A,M 

0A34 

3C  43 

CPI 

•£• 

0A3A 

4»OJA 

JAZ 

EXIT  7 

(IF  HO.  AOAMAl  aXIT 

0A3D 

2£ I0347C 

LXl 

H ,*E5LT*  12 

( JLT  0 DEC  1 HAL  PLACES 

0A4I 

C7 

MOV 

A." 

0A42 

2£  (034AF 

LXl 

H.STACX*!? 

(SCRATCH 

OA  44 

1431 

SU1 

*l  * 

(#  wEAOl  k«*  O’S 

0A4S 

Fi 

MOV 

H,A 

(SAVE 

◦A  49 

CO 

NOV  E ,A 

ICOUCTCR 

JAM 

3C04 

CRI  4 

JA4C 

404f0A 

jcc  :uc 

1 IF  *3  O’S,  AiMCJI: 

◦A  AT 

4«4roA 

CAU  zoo 

t out  alt  uadi  o*s 

◦A)  2 

2E  1034 A/ 

Lll  M .STACK* 1) 

◦A94 

Cf 

NOV  |,N 

1 REST  ON  C 

0A97 

0404 

NVJ  A, 4 

1#  SU  91  JITS 

◦A59 

91 

sue  • 

lOISITS  RCNAl  Al  •<* 

◦A5A 

CO 

NOV  C f A 

(COUNTER 

JAM) 

2II0347I 

OOOlilt 

lxi  h ,itSL7*  i 

ISKIA  SUA 

OAsr 

cr 

DLOONt 

NOV  B.N 

JA40 

44TC00 

CAU  CO 

tOUlT  OOT 

JA4J 

30 

SHAD* 

IN  L 

◦A44 

C7 

NOV  A,N 

◦AO 

3C2C 

CRI  *.* 

ISKIA  JA 

◦ACT 

4C4J0A 

JZ  SKI  AD 

◦AAA 

21 

OCR  £ 

◦AO 

4C)»0A 

-K z OtOOA 

◦A4£ 

07 

ACT 

◦ACT 

JC2C 

ZEROi 

NVI  B,*.' 

t UADI  S3  0*S  OOT 

◦A  7| 

447COO 

CAU  CO 

◦A  74 

◦CJO 

NVI  l.’O* 

◦A  74 

4C7C00 

ILOOAi 

CALL  CO 

◦A  79 

21 

DCR  E 

JA  7 A 

44 740A 

juz  :looa 

◦A  70 

◦ 7 

RET 

◦ATE 

21 1 034 75 

tX 1 74 1 

wXl  H.iESLT*^ 

t 7RL4C AT l wS  0 

◦At  2 

3COO 

NVI  N.SCMAR 

◦AC  4 

07 

RET 

◦AC) 

2C  103471 

EXl 77  j 

wXl  H,RLSlT*l 

jkONNAL  tXlT 

◦AC9 

44CCOO 

-NR  LIST 

i *17  7HR0L-*  *<.IS7' 

Aj 

; *7UU 

I>  USED  TO  RETAifc  *E“  EORnaI  Ik 

1 OR  OC* 

70  Di SALAT  *£*Y 

UX3E  ON  VERY  >NA^ 

I RESULTS . SICK  ASSURED 

JO  T . 

JACC 

2£  l034Af 

YESEX j 

wXi  M , STALK*  t 5 

{CHECK  F CR  CARRY 

◦A  90 

C7 

NOV  A ,N 

◦A  9 1 

3C3I 

CAI  J 

◦A9J 

€A*E0A 

CZ  LXI 74 

◦A  94 

2C 1034 71 

LXI  H,RLSLT*» 

{vLTAOT  -AkTISSA 

◦A9A 

441400 

CAU  LI57 

◦A  90 

2E  103479 

LXI  N,RCSL7*S 

{OOTAOT  ERA 

◦AAI 

44CCCC 

UNR  list 

JOOO 

E40 

SC Aft  ftOUTlftCS 

PftOVlOCS  THf  L031C  ftUSAAY  TO  TAAi 
US  SCTS  Of  OAtA  POUTS  FO*  Jf 
C»Aftft£CS  Of  OAT*  (1ft  AftY  OHDCft)  ftlTH  oSlA 
XflftCO  TlfftC  DSLAY.  THE  HASW.T  IS  COftVMTiO 
TO  UftlTS  OCflftCO  IY  TM£  4U. 


ECUATES  ftOT  AftftCTATEC  CAft  t£  fOuftO 

lft  PREVIOUS  SECTlOftS . 


10)0 

t 

rc*»c 

£01  I0)0*i 

tfCOATUa  POlAl 
tOfiHAftO  SCfflP 

1 JAC 

MiE 

ESC  lOACft 

t*lliM  ACS  fUA  ftAS 
lOATA  st  chase 

IOCO 

$ CAM 

LSI  10COH 

|wMAftAt«.  SlSuLACl  eCff 

ooco 

set 

£6l  X(3> 

{START  Of  SCAft  fcwff 

I0A0 

ST  AC  A 

cat  *Ais 

t STAMI  Of  «a*:a*Ll 
iSCRATCM  PAD 

IOAI 

LlftC 

£80  •*i£*i 

Uwl  *00  FO*  BAA 
;OA?A  $ ToAA-l 

13*2 

CHAP  T 

esc  ciaEvi 

jPClftTS  re  A wCft  *b 
i the  sc**  si.aao*  Eufr 

OOtC 

Cffc 

Esc  Otd*- 

{START  Of  ZF  feCffL* 

Jioc 

succo 

ESC  _fCO 

{ SAW  Cl  * HowO/CCAV£A  T 
{COWAftDS  fO*  a/0 

09*4 

VSAl  T 

tbv,  0*4*- 

;*A*>lLfctt  IlP.i  .IwA* 

OSAO 

COCAO 

ESw  OSAO* 

iwPOATC  wOcftOl **TIc*  0 

3)*  i 

• OClC 

ESw  3)Ai* 

1 AQCftC  OCTPCT  fcCFFEA 

I TO  4 SIS  OliJTS 

0A29 

HiM 

ESC  3A2V 

JwCAVfc.iT  >*A..  AOS. 
jfftor  “£■  F CA/YAI 
iTC  *F*  * CARAT 

OA«C 

TIU> 

£«C  OAfC* 

jRUAU  *£*  M>apaT 
IftlTH  4 SIS  DIBITS 
(fCA  boFSLAS  C T .1 
|0A  ST  >>»»>>>. 

014) 

oisfr 

EtU  0I4V 

{ASCII-SCD 

004) 

Cl 

ESC  004  V 

iCOftSOLi  lAPCl 

Jt:e 

•VI 

CSC  OtlS*- 

(HAS  OAT*  To  wCoTS 
llftTLAP CCA  TIC* 

Of  £ 4 

I) 

ESC  Jf£4» 

{ .00  7*12) 

30£t 

us: 

CSC  JOES* 

0071 

CALf 

ESC  007 IH 

00ft 

SIT 

ESC  00ft** 

OCfC 

if  TO 

CSC  OOFC*i 

1340 

DCA*t 

ESC  >040*1 

IO)f 

STORE 

CSC  IO)t*> 

00  YC 

CO 

CSC  00?C>- 

00)  ' 

CATftl 

tSC  00)> 

01)4 

t : if* 

CSC  01)4*1 

C3«l 

too 

CSC  3Ji£> 

OSH 

s:» 

CSC  OSSE* 

00  07 

*S 

ESC  OS 07*i 

2 


jMw 

nu. 

160 

OS  00* 

1070 

HCSLT 

£AU 

I070*i 

oTor 

out 

£*U 

070fh 

OIM 

STH1P 

£6L 

0 1 SAP 

0000 

SCHA* 

(60 

OOP 

0000 

t 

mi 

OAiOA 

t «SSAtfS 

• 

24A7 

LSCAA 

£tl 

24A7*» 

2«C*f 

life 

£bu 

2CC  7>* 

2410 

i£»»i 

Ut 

241 0* 

2 tn 

Cl 

Ettu 

an* 

2<f  7 

C2 

£0L 

24r7* 

24ff 

Cl 

ILL 

24ffH 

2704 

0MA1T 

tie 

2704* 

2700 

£XP 

E6L 

2 700** 

'SCAfcJ*  TAALS  1 2s  SITS  Of  DATA 
fours  A?  ^ANiAbu  UTtf.AcS. 


WACIIO  0CFUITIO4* 

: 1 SCfifAIkT  A -t^LPY 


IiA» 

•(Acl 

>C  POUT  ,4 

j-ocat’u  \ nui 

LA  2 

p.ro: 

*<A 

A.r 

401 

% 

AOV 

*.A 

£»Df 

1 COWul  SwftPOtTl  *£i 

OAOO 

21 i034A2 

2»oFj 

-A  2 

lUOUiwT  F tJ*>  *41  SlLAt 

ill  ‘A*.  w*APT  vwkl  A 2 \S 

JwU4  ADO.  04 I A ASSUMED 

1 04  $A*£  PA  it 

0A»4 

r*» 

wcv 

L.P 

0A«4 

C 7 

*0V 

A," 

0A»4 

07 

447 

OA#  7 

2£ I0J4 AO 

2 4*f  t 

LAI 

*,PAO{ 

| i 401 4£ J X PLU7C.P 

|STOA£D  14  FUST  2 

; ST  AC A POSITS. 

OAO* 

Of 

WCV 

D.P 

1 SAVE 

JA«C 

30 

1«» 

L 

oat 

F7 

WCV 

L.P 

1 4.04  POUT 

OAfti 

£1 

BCV 

P.D 

tnliP  PCUT 

oar 

07 

4£T 

OACO 

24I034A0 

SCA42 1 

UI 

M.’AOt 

iU1tiali:£ 

0AC4 

3112 

PVl 

«,I2* 

(DATA  UP.T  BuFFtP 

0AC4 

30 

ia 

L 

0AC7 

31 OL 

*vi 

P.0 

{FUST  SToPA It  lC4 

OACf 

30 

i *• 

L 

'1 


r 


JACA 

oico 

AVI  ft  tSCI 

OACC 

07 

SliPt 

ACT 

1 MAP.  CM  APT  ( 1 

OACO 

2E IC04A2 

LAl  H.CMAFT 

OAOl 

C7 

NOV  A #ft 

0AD2 

0401 

ADI  OOOOIM 

9A04 

FA 

AOV  n#A 

OAD) 

44100 A 

CALL  IADF 

OAM 

OCOA 

CPI  A 

OADA 

40C00A 

J»C  SKIP 

OAOO 

07 

*£T 

OAM 

2E  1004  AO 

SCAA4I 

LXl  M.PAiC 

0AE2 

0112 

9VV1  ft,  12* 

DAE  4 

00 

im  l 

OAC) 

00 

IN  L 

OAC  4 

OECO 

*vj  ft. sc* 

JA(| 

07 

*£T 

0AI9 

44E70A 

OATAt 

CALL  UDP 

OA£C 

44)401 

CALL  BIAFP 

DA&F 

2E 1004)1 

LXl  H.STOXt 

04  FJ 

444C.OO 

CALL  LOO 

0AF4 

2f  1004)0 

cXl  H.FOftAD 

OAFA 

07 

1 

1 

1 

SCAAOt 

XET 

OAFfe 

44A00A 

CALL  UOF 

OAFE 

OCOO 

Cfti  SCNAX 

OAOO 

41220* 

jz  ecu*: 

OAOO 

OCOA 

CPI  A 

0§0) 

42CD0A 

CAC  SKIP 

OAOS 

44* 70A 

CALL  I%DP 

OAOl 

OO 

;«*  l 

OAOC 

440004 

CALL  SHOLO 
iiftft  PAJt.l 

OAOF 

2E 1004  AO 

LXl  H.PAJi 

OA  10 

C 7 

NOV  A,ft 

OA 1 4 

0401 

ADI  0000 IK 

OA  14 

r« 

NOV  ft, A 

IVAN  CH  APT  1 1 

OAl? 

it  1 004A2 

LXl  rt.CMAPT 

OA  II 

C 7 

NOV  A,P 

OA  1C 

0401 

ADI  0000 1 h 

OAK 

FA 

NOV  ft,  A 

OAIF 

44FA0A 

COUAT  t 

JftP  SCAAO 

I VPN  LI  AC  *2 

0A22 

it IO04AI 

LXl  M.tlAi 

OA  24 

C 7 

NCV  A,N 

OA27 

0402 

ADI  00002* 

0A29 

Fa 

NOV  ft, A 

tSTAlT  of  IfcfU  feufFft.it 
jiiAOAt  DELI*! TEA 


mu 

2ft 

HI 

iCMECX  PuR  EBD 

mm 

449409 

CALL  VBA  IT 

(KILL  TIME 

mu 

4 4 DC  04 

R£SE7t 

CALL  SCAA4 

I OCT  AAOTMEX  StI 

mu 

44F60A 

t 

JPP  SCAA3 

* 

1 

1 *SCAft3  * TAXES  SETS 

0?  DATA  PROP  INC 

f CNAftAC L ASSlattCsT 

OC?lkED  BY  THE 

t *S£T 
f 

SCAB  * ROUT  I BE. 

0034 

440 100 

t 

SCAS3: 

CALL  COLPB 

iPHIfcT  COLOPk  HEADIkii 

0037 

447100 

CALL  CAL? 

003A 

07 

BET 

t&ACA  TO  COAT ROLLtR 

0030 

447  ICO 

RSCABl 

CALL  CAL? 

00 3E 

44  AO  04 

CALL  COORD 

(UP DAT*  CotROlkATlOk 
»BOP§ER 

0041 

44C0CA 

C4TU7| 

CALL  SCAB2 

jlklT  PuR  ki*T  SCAB 
jALSO  tkTMY  POIkT  POR 
tSCAkAlfci  klTHOUT 
(COL  HEADIkSS 

00  44 

44?004 

CALL  SCAA3 

I TAKE  Sc. 7 Of  DATA 

0047 

44C00A 

DCB1: 

CALL  SCAII2 

3044 

44S00A 

AVE : 

CALL  IkD? 

tOET  CHABBxL 

1 COPPUTt  AViRAit 

0043 

3C0D 

CPI  SCHAR 

00  4? 

2ft 

42 

jSETUPk  To  CALLER 

0030 

3C04 

C?i  I 

0032 

42C00A 

CMC  SKIP 

0033 

2EI  J34A4 

LXl  M,S?ACA«« 

jSTORAJE  ?cR  COBvuSIOB 
j?  AC  TOR  VtLTOA. 

0039 

X 

BOV  C , A 

(SAVE  * A * 

0034 

BO 

OAA  a 

; CLEAR  CARRY 

0630 

12 

•al 

JRPY  BY  4 

063C 

12 

UAL 

0030 

3£(0 

AVI  B.CPb 

1 START  cf  CUkVc.RSIOfe 
l?ACTOP  Bo??tR 

003? 

61 

ADO  B 

ICCPPUTE  VtCTLA 

00  00 

?f 

pov  A, A 

(STORE  VECTOR 

0041 

C2 

MOV  A (C 

jRESTOAt  ‘A* 

0062 

44  £90  A 

CALL  DATA 

iCOftVfRT  A*D  STORc. 

0043 

443C03 

AVELs 

CALL  STR 

IMP  LI  •£  *2 

1 HxT  RAb  DATA 

0044 

2CI034AI 

LXl  H'LIAC 

00  4C 

C7 

MOV  A fP 

0040 

0402 

ADI  00002* 

004? 

?• 

POV  P.A 

0070 

44030ft 

JZ  t£x TP 

|1?  DOBE,  OUT  RESULTS 
(SET J*  POP  ktXT  SCAB 

0073 

44C90A 

CALL  DATA 

iCOBVERT  ABC  STORE 
(RAW  DATA  POlaT 

0074 

440703 

CALL  AO 

(ADD  TO  PREVIOUS 

otn 

21 103490 

LXl  N.FOMO 

|*TOA£  A4AT1AL  SUA 

0§T9 

4 Ail  03 

CALL  ST* 

OMO 

44(101 

JAP  AVEL 

JMJ 

2I0F54E4 

•DTK 

LX!  H.19 

jCOAF-Ti  «u)A4 

1 AAO  COAVift?  TO 
i volta a uti  rs 

QMT 

444103 

CALL  LOO 

|A*. 007*1 29 

at* 

21 1034)0 

cXl  NJCFIO 

OMI 

44AC0J 

call  all 

|A»A*SUA 

a»i 

44220# 

CALL  AV1«7 

|A»VOLlCA> 

91)4 

21 100(44 

LU  M,STAC**4 

sCOAVfASiO*  FaCTC" 

1 VfCToo 

OIM 

F7 

AOV  L.A 

01)) 

44  AC  05 

CALL  ALL 

(CNAAJI  FVOA  VOLTS 

iTo  ostA  Dcnu:  l**:ts 

OAK 

2£  103(70 

UU  H.4ISLI 

a AC 

440F07 

CALL  OtIL 

jCLAWiAT  IC  LCw1«Al 

OAA) 

444501 

CALL  OISFT 

|CO*v£AT  TC  ASCII 

OIK 

444004 

CALL  400*0 

t 4 SIS  01  31  TS 

OM) 

2£  1 334*  1 

Hi  * »S7 *04 * 1 7 

JFOA-AT  CHLw» 

a ao 

C 7 

ACV  A,A 

ocu 

3CM 

CAi  * Y * 

OMO 

(12)0 

jz  txPi 

tir  FO**aI 

OAAJ 

442904 

CALL  *C£X4 

tl*Si  *F * fOAAAl 

OIK 

a2c 

c*:j4j 

A VI  2,*  ‘ 

tCUTAUT  2 SFACtS 

OAM 

447C0C 

CALL  CC 

OIK 

♦47COO 

CALL  CC 

SAHA  FA04.1 

|F-F*J 

OAAi 

2IIC34A0 

LXl  H,F*3t 

acs 

C* 

•OV  4,4 

OACJ 

0401 

AOI  OOOOI* 

OAC*> 

FI 

ACV  A,* 

I*AA  cm*f;.i 

|C  sC*  l 

OAC< 

2110044* 

lxi  m,c«*f: 

oaca 

C 7 

*0V  4 #* 

act 

040  1 

401  0000  Ir 

acc 

F* 

AOV  •,* 

aci 

444401 

1 

wAF  AVI 

aoi 

21 100442 

l 

ccla*» 

LXl  H.CMAFT 

ILCAO  AOUIt*  »1  T* 
ISTAAT  OF  SC  A*  fewM 

ao) 

31C0 

AVI  *,SC» 

ao? 

21105  4*. 

LXl  X.STALXMT 

aa 

C7 

AOV  A, A 

iCMCCA  »L* 

1*1*  FOAAAT 

a ot 

3C54 

CA1  *T* 

iris  7 TM|»  COkTlAwl 

aa 

4AF0Ct> 

0*2  C*7U0 

I (LSI  .V*F 

an 

2I24J4FJ 

cXl  K.CI 

r f * 

aii 

44CC00 

CALw  Lis: 

act 

acc 

AVI  ft'SCHA* 

tCAAAlAil  AC  TLA* 

ait 

447C0C 

CALL  CO 

OMO 

AAT'O* 

JMF  Cl  OOF 

otro 

2I2434FJ 

CiTUOi 

1X1  4. Cl 

r * * 

ar< 

MUOC 

CALL  11ST 

otn 

44*004 

CLOOF: 

CALL  1B0T 

I OCT  CMABB4L 

ar* 

3C0D 

CFI  SC  NAB 

arc 

2ft 

(ACT  BBik  0044 

otro 

3C04 

CFI  • 

tlSBOftt  0C1IBIUKS 

arr 

42CD0A 

CBC  SAIF 

0C02 

0430 

AO I 3 OB 

tCOBVCBT  TO  ASCII 

0C04 

CO 

BOV  t,A 

tSAVi  Ch . Ac  * 

XO) 

2£  1034ft  1 

LXl  M,STACA*|7 

tCrtCCM  FOFFAT 

OCOf 

C7 

BOV  A ,B 

XOA 

3C3* 

CFI  *Y  * 

ococ 

M2MC 

JZ  CXF2 

sir  TBUC.  "t*  fobfat 
jAtLUSI  KtAOU^S 

xor 

2C2434F7 

CklUftt 

IX S H.C2 

J • CM . 

X 1 J 

44  CSX 

CALI  11ST 

OCIC 

CC 

BOV  fttI 

} ACCA14.  CM.  AO. 

OC  1 7 

447C00 

CAlL  CO 

tXTFiT 

1BFF  CNAFT.i 

lC  sC* 1 

ocu 

2CI034A2 

4.x i h.cnaf: 

Xl£ 

C7 

BOV  A,P 

xir 

0401 

401  OOOCI* 

X2I 

n 

BCV  B , A 

X22 

44r70t 

wBF  C100F 

K2) 

A44C0A 

t*F  1 j 

C4U  7 CSC  A 

: '£ * fobbaT 

X2f 

i«ta 

jBF  CtTJB 

X2ft 

2I243AFF 

ttF^: 

wXl  «.C3 

imtm  f OABA  T C01  A*,w 

xtr 

IMIK 

CAL_  1*ST 

X32 

44crx 

JBF  CBTUS 

t *$KA»*  St 7 SCAfc  ev:m 

FClkT.  fa  1 tis 

t iASTBlCTlCk*  A»i  STCAtS  7Mt  kvF-AA* 

1 ABC 

SUulkCl  OF  wM4»UwS  TC  fti  SCAkAO. 

I IT  A1S0  SITS  ?N|  »QC»PI»AT10*  kJ**€F 

t TO  ZCJtG. 

X3S 

2£  103  4 A) 

SSCAkt 

LAI  K.STACB** 

; AiSIT  CocF*.  0 

XU 

3C30 

BVi  F , *0  * 

XU 

31 

XF  L 

XX 

3130 

BVI  F,*0* 

XJi 

31 

XX  1 

X3F 

3C30 

BVI  B. *0* 

X«l 

21 1 034AQ 

fbfi  : 

LXl  H.STACAMk 

tCNiCA  FOB  AAIT  FLA^ 

X«5 

C*T 

BOV  A,B 

X44 

3C2A 

CFI  *•* 

XU 

4HK 

JMi  CBTU3 

jwwBF  IF  koT  SIT 

x« 

2C  I03€  Al> 

LXl  STACK* 13 

Itwit  LOAD  uIFAwlT 

1 OF  ISMS 

xir 

3101 

BVi  B.l 

X3I 

30 

I BA  1 

X32 

3142 

BVi  B,M 

X»i 

2C273404 

wXl  M.DftAiT 

llAFOBF  OFIBATOA 

XU 

44CS00 

CAL*,  lIST 

J 4 kFOB*  OFUUTj* 


OCM 

447 1 X 

CAU  CALF 

XU 

212  7 J 410 

CAlllSl 

LXl  H,£«F 

1 ASK  OUtSTlOk 

X42 

44UX 

CALL  LIST 

X4* 

2C  101481 

LXl  N 'STACK* I 7 

1*1*  FOAAAT  FuA*  STOP* 

K» 

U4)X 

CALL  Cl 

1 1C  7 VALU1 

X(C 

447C0C 

CAU  CL 

((CMC  8ACA 

OC«F 

Ci 

XV  4,8 

lACSTOAt  A 

0C70 

kU 

CPI 

OC72 

44740C 

-2  XCXP 

uunp  if  “k“ 

ocn 

JO) 

AVI  A.^Y* 

tlLSC  STOAt  "YlS" 

X77 

447CX 

jap  cam 

xn 

has 

kUiXP: 

•VI 

|USt  SToAl  ’kC‘ 

XTC 

447 IX 

C8TU4  t 

CAL*.  CALF 

X’F 

2*2414*7 

LXl  H.LSCAk 

1 ASA  AOtSTluk 

X8J 

441800 

CAL*.  LIST 

Xli 

44  7 1 00 

CALL  CALF 

XI) 

2£  I014C0 

LA!  n.SCAAt 

llkTIA  14 

I DLS 1 AID  OADiF  I 4 
t THE  SCAh  » uFFif 

x«o 

44FCOO 

CALL  HID 

XK 

21 1 044CC 

lX!  h.Swlkt 

ICOAVIAT  TO  fcwO 

XM 

440 Aw  1 

cal*.  5TA1F 

OC97 

447 IX 

CAU  calf 

X4A 

447  | X 

CALL  CALF 

QC9D 

2C2IJIC7 

LAI  X.iAFO 

I * kSTAUTlokis 

Xli 

44C8X 

CAU  clS T 

XI4 

44  ^ 1 X 

CALL  CALF 

xr 

44'MX 

• Ik*.  CA^F 

Xli 

44*700 

1 

JAP  CATAL 

liACA  \<j  -ukjTOA 

I * S »A4 

* tAiwwTiu*  »C 14 

T ftF  ’ilulkwT  SCAkkiCj 

1 CH4441LS  XFIfctl  Afcvt. 

XAC 

21 I314..3 

< 

$CA4| 

4.X1  r>  ,SCl*8 

IVALIDITY  v**.C* 

Xil 

C 7 

AOV  A,P 

X82 

SC  2 A 

CPI  *•* 

i fcOCl  XFAJLT 

Xli 

48CAtX 

J2  1AA| 

XIT 

44  7 1 X 

CAn.  CALF 

Xil 

442  4045 

CALL  SCAB) 

iSTAAT  SCAk  AuLTIkt 

xst 

21 131400 

LOOP: 

.*  1 m , 1 JDO* 

IVAIT  F0«  COftPAkt 

(FAX  CPtA ATOf) 

XCI 

44FCC0 

CAc*.  iCTD 

XC4 

4418 Ok 

CAL*.  ASCAk 

I AlSCAfc  FOP  AkOlHtA 

1 SIT  OF  JATA 

XC’ 

44t  JOC 

JAP  J.OOP 

iCXTlkOi 

XC4 

21241413 

£Ml  j 

LAl  N'llAAl 

|PS1  XT 

XCI 

4418 OC 

CAL*.  wlST 

XDI 

xoo 

4497X 

£»D 

JAP  CkTAL 

oooc 


to*o 

10*9 

0005 

OOJC 

0090 

0010 

00*0 

10(0 

0A£9 


00«A 

08  .It 

08  iB 

(JtC 

0841 


toco 

0189 
08  OC 
0000 
0089 
0071 
0057 
00F8 
Ot  3A 
0149 
00£8 
0194 
1040 
1090 
>096 
OSJE 
DICE 


J 

; EX  TERRA*.  DEVICE  DRI*£* 

; THIS  SCCT108  C08TA18S  THt  0081C  AtCtSSARY 
j TO  TUP*  0*  TOC  RELAYS  {’UP*  AAC  *00*** ) 1* 
j ORDER  TO  CALSE  SORt  PHYSICAL  DEVlCt  Tu 
; HOVE  TO  A DESIRED  L0CAT1CA.  SUiRCOTlAtS 
; LISTED  HERE  ARE  Ai .SC  OSED  BY  THt  SOFT  AARr 
t 1*  THE  "RU*“  SECTIO*  1*  ORDER  TO 
j PROVIDE  A*  AUTOMATIC  COaTRQL  FUACTIO*. 

X 

OR G OCEOH 

t EQUATES  80T  AAACTATED  CAk  k FOOAD 
: 1*  PREVIOUS  SECTIONS . 


t 


STAC* 

£61 

tOAO* 

FC*T 

£00 

STACX*9 

CRD 

EOU 

«♦  1 

CRD  UP 

£80 

5 Oh 

CRD  DA 

£80 

9 OH 

OFF 

EoO 

t OH 

bu*p 

EOt 

iO* 

RAA 

161 

1 C8D* 

DAT* 

EOU 

0AE9* 

HALF 

E60 

COi^ 

VRI 

£80 

080  1* 

RV1 

E80 

C6  1 F*- 

CFiUF 

£80 

>080* 

C*TU*» 

£80 

DEAlh 

SCAAF 

£6o 

IOC  OH 

FPBI  A 

£00 

0189* 

5HGLD 

EQt 

0800* 

SCHAR 

£80 

OD* 

DELAY 

£80 

00A9*- 

crlf 

EOl 

0071* 

C*T»L 

£80 

005  7h 

SET 

£80 

00F8H 

STRIP 

ECU 

Ot  5A* 

OISPY 

ECO 

0>  49* 

LIST 

£80 

OOE6* 

il  AF* 

ECO 

0»  9 4* 

DOPAD 

EwO 

t 040* 

FOPiD 

EOU 

>090* 

STORE 

ECU 

>096* 

STR 

£80 

OiJEH 

LOD 

ECU 

0i«£* 

COUATER  I*  AOIS*. 
FILTER  ROuTUt. 

OUTPUT  PORT  t 
ACTlWATt  "UP*  RiwAY 
ACT  I VATfc  *Do»A*  Rt*.A1 
RELAYS  0 fF 

tra»spcf:  Ok.*.* y 

(Sti  TEXT) 

ha*  data  *a*ut  clf*.r 
Raa  wATA  to  f.f. 
wOAD  ACC JR  AMD  POi%T 
TO  (JftRAfcl 
4.‘  HS  ^tAT 

VOlT  t Ai is  to 

1 1 AAR  Y A/l  . uC AT 
BlAAfY  A/D  COURT  TO 
VOcTACa  -AITS 

ccaver^io*  factors. 

REPOTS.  laTRY  TO  'SCaa 
ROUT  I Acs  AIT*  CCLw*  A 
HE  ADI  ACS  OFF 
BUFFER  CU*TAlAlA«t 
CHAAAi^S  TO  Be  SwAAVt 
dIa-F.p. 


oso? 

AD 

ESC  03C7f 

J3«C 

fUL 

ESC  33«CF 

3364 

DiV 

ECU  03fc4* 

044fc 

1 Mfe 

ECU  04  43F 

0?0F 

out 

£Cw  jtofk 

0f£4 

It 

i 

ECU  OFE 4* 

: 


; "tSSAStS 


$ 


2€FF 

C3 

ESC 

24FFC 

277F 

L'OVi 

ECt 

277FC 

COfWOH  SUBFOCTUtS 


XEO 

C 4 

37: 

*0V  A.t 

;*t7Jft*S  C ASF Y StT 

; I F Ev  >jt 

XI 1 

92 

SJt  c 

oce: 

C3 

-CiV  A,C 

XEJ 

99 

SSr  fc 

XE  4 

07 

• 

• 

FE7 

OCEt 

44 42  CC 

c7: 

CALC  SWA* 

;F£7cP*S  ^aFFY  StT 

; I F |C«0£ 

Xtl 

AfttOX 

• 

• 

CALt  <*  < 

OCEE 

C 4 

• 

SWAP; 

■CV  A.t 

; Dt-r  >j: 

OCEC 

£2 

■OV  E.C 

XLC 

X 

•CV  C.A 

OCEE 

Ci 

*0V  A.D 

OCEF 

D3 

«0V  D.fc 

XFO 

cs 

*0V  S.A 

XF  l 

07 

• 

• 

4E7 

XF2 

340* 

AE: 

■VI  L.OJ 

; AtS  ,AC7uAi»-^tSIStC> 

; C ~ 1 I * *C7 v*l * 

{C^O  I*  AwIwAL' 

OCFa 

44tOUv 

CALL  j * 

; IS  Oi*:iC  7 

0CF7 

4JFE0C 

j»c  r£S 

jwjrf  if  ;sot 

XFA 

31 

XF  L 

; FESE7  FC A j 

OCFE 

C2 

*0V  A.C 

XFC 

34 

SUE  E 

OCFD 

07 

F£7 

XFE 

C 4 

YES: 

«CV  A.t 

OCFr 

3c 

SUE  C 

OXk 

07 

• 

• 

FL7 

{ Ac  TCAl  »i)£l  4 Stk, 

0X1 

OiiO 

• 

0ATA1 : 

•VI  A ,0Fr 

;S£cAYS  OFF 

0003 

2£  lv3F«t 

4/A7A2: 

L.Xl  h,FAV*l 

;7A\t  a SA-J»i.i  FPor 

jchAVUt*.  0.  RtcAY  Jl 

jass~*£d  :*  * 


r 


ooo?  44O00e 

OALu  SHOLC 

OOOA  D? 

*0V  0," 

jDt-bAfP.ta  OATA 

ODOfc  30 

: w l 

ODOC  E? 

*cv  E,r 

0000  i . 

OOP  l 

.-^ul  47  TC  SA PRutD 

OOOE  07 

RiT 

"fcjfpr"  la  JSED  TC  P«GV*-i  A v s.X7i*4A_  s: 
Of  XiOWS  DURATlcfc  IS  OPO£»  TO  OfcTAls 
EX7EP4AL  D£ul  C£  PcvI*ls7  CwftS  _~uP ) Of  a 
KAcWA  A*CU47.  (SEE  TiXT 


; 14»LT 

: At 

CKAXSi- 

0 PLcS  SiuAY  01 R£CTI UN 

• 

• 

0: 

OES I RED 

3t.uA*  4At A^iTi" 

OOOF 

53 

BJPPP: 

Oil  7 

cm- 

;STa-T  Rr-.AX 

3010 

464^30 

LAi.,.  D£-A  v • 

2 ; s I c-  1 1 Pi 

00i3 

0410 

rvl 

A ,QFF 

; 7U*S  PicAYa  -f  F 

0015 

53 

OUT 

CP3 

0014 

O'* 

RET 

od:? 

I E4C 

fco'Pc: 

•VI 

0,6 -~F 

; **CVt  J-  A 4«c  = T -1ST 
;E UP*  t OtcAY 

oois 

043 C 

•vl 

A.c^-a* 

00 1 r 

440F0C 

w*'P 

BCP** 

301  £ 

l£4C 

c ua»*»  u : 

*v: 

3.B0WP 

j-c  Vs.  Dc  •*.  A SPORT  -.S 

002C 

0450 

-v: 

A , CP- O' 

3022 

443s‘02 

« 

t 

w*F 

Btr'Pv 

3D2‘ 

3304 

• 

A C—  «i : 

CPI 

t 

; 1 r 4.0v AT.  V t-Su"  » ‘ 
jCOtsTS , *cm  a* 

002’ 

405*00 

-4  c 

u® 

002  a 

3303 

CPI 

3 

i.F  4-<-cAT.  s tPnCF  » a 
jcOLvTi,  t.^P 

032C 

401 '00 

-Sw 

BJP® , 

0D2F 

O' 

• 

• 

PET 

;C  \»t'  iiV-»  s\.I 

0030 

33  34 

• 

• 

A* JrnJ.  : 

C»; 

4 

1 ERR 04  Aac.ua*  **isT  v Ai 
;AccVt  F«>  T ht  acvv 
; Pi- a Y 

0032 

Adt  SOD 

-4c 

3C4S 

0035 

3C33 

CPI 

3 

033’ 

40 1 £30 

JJfc 

B *PPD 

003a 

0? 

t 

PET 

{Cu4viP  AiXci  iX.' 

003t 

214  4 

t 

L043: 

•vi 

h,  100 

; 1 .0  at.  4/S.4.AY  Tv  -Ivt 
;7I*i  FOP  RiuAt  ASO 
; OP  1 vt  •cl OP  Tu  STOP 

0030 

340c 

cOOP  A : 

•VI 

4.  * —OOP 

;Isp£P  uOO*1  uOLfcTtA 

3D3F 

31 

COOPS:  i 

OCP 

L 

004C 

4C3F-D 

LOO»r 

00a3 

25 

OCP 

P 

0044 

443D0D 

J4Z 

LOO*a 

304 


- 0^ 

• 

• "rL7V*  IS  USED  7 F I L TEH  OUT  "^IICkcS"  FSO« 
; THE  A/D  CcSJVEHTEB  a »D  TO  --i  4l'-I2E  Tnt  lFFlCT 
; OF  »01Sl  tf«ICH  COULD  -A«.t  THt 
; £xTE*i!  *ALLY  CONTROLLED  DE-*U£  STuH  H IH  A* 


aESCLjTE  ERPltf  (*Cr¥*L'OC51HCO>  /-i-TtS  Tr A» 
A A *CCtp7AfcLE  A-.^VT. 


304? 

L£  133SA5 

• 

r*Ta:  lXI  H.FCmT 

; v:COU!»T:  1 27 

004C 

3£“> 

-VI  -.127 

GOAL 

4*0133 

Cali.  Data* 

•ST  3P  AND  tAXi  A SAr#»t_ 

CDS 

4f  SACO 

CALL  HALF 

jnE*.A>  Hi  AC 1 1 u A 1 1 “t 

00*4 

4hc.*  A 

C»lL  OATA-3 

;CQnVlHT /LuaD/PL I >7 

305"* 

4S3t03 

CALt.  STS 

;h^4< i 

3D‘  A 

4*0  I 0 

i_COP i CALL  JATA, 

iTArt  1 2 “ •OHt  SA^*** 

;FoF,,lvi  ■(  u * ** . ■*  3 St.** 

GD3w 

4€i-C* 

C Ai__  „A  TA-3 

3040 

«MTIM 

CA»_*  AD 

;A(*)-4(*  -* 

33*3 

2Ei33*S 

**:  i,r  p»d 

oo«-’ 

♦«JE03 

CAL*  ST? 

*) 

OOSA 

L* 10itA9 

L*I  H.FOWT 

OD*E 

CF 

90V  = ,- 

; j£T  COLVTiH 

33€? 

05 

X?  £ 

; v-v-  * 

OiTO 

F 5 

- V 

; JAvi  * 

307| 

4£5-^D 

L Op 

;If  > »0 . -U-P 

0374 

2£»  03*5C 

Fa 

.*  : LX I H,fOHVD 

007? 

4S*£Q3 

CAl*.  loo 

;»•*€  -fAts  I 

3D7B 

L£  jFj ht  4 

ca:  *,:*• 

uD'- 

4 4.  eu03 

Cal*  ">« 

; A-*  • . iG7bl  '* 

3D §1 

2£ 1 3i*‘ 

*x:  h.fopw) 

JQf* 

4*3E 

CAU*  ST? 

; A 

3 Of  9 

2E 133*50 

4.  7 1 " , 

JOf  0 

AM  0Q< 

CAcL  F?el  * 

;rl  KA^-f  .P  . 

JD90 

2£i  jS* 

wX*  H,  STAlA»7 

;•  ;77d  CiSI^iD 

00«4 

CF 

•t  / b , ” 

0 D?‘ 

30 

I *B  _ 

00?€ 

D7 

-ov  c ,- 

009 

3^ 

i 

* 

?ET 

*UP*  A*L  "JOVA"  ACTIvA 

7i  THt*  ? -iPi.TIvi 

: 

at  lays  ;«  dpjeh  t^  dpi 

i a ,Si  Tlov  tPHas 

• 

♦ 

TO  *Z£HC  ’ ( SEE  T£.\I ) 

J05* 

3«3u 

• 

JP 

•VI  »,C.*0  ^ 

: 4-oP  wG.nPAno 

09  a 

44  j JL 

Call  lata 

{?4K£  SA^PLi 

9- 

4*£30C 

-ALc  jf 

;IF  ACTUAL  «JtS  I HlB  , JP 

CAC 

<09?  03 

-C  jP 

4i4i  DC 

C AL  * n.  * ? 

• ElSE  TopV  uf  i ?t».AY 
}A«4.  CHEwX  FwH  VOlSt 

* * 

4 4 4.  ^V. 

CALL  OT 

;IF  jHU£HSHUL7,  ^uPP 

A • 

*«.  >*30 

w C CP 

>* 

i y 

C *.  J9  j 

1 »a* ’ *0“  3? I •£  - i 7 uh 

GOAF  46FC0C 


CALL  AB 


1 


{TO  STOP 

iCOTPwTt  AfescL-TE  VAcut 
jyf  POSITlu9  t-RRuR 


JO*  2 

31 

DCF  L 

; TEST  FLAG 

0063 

482300 

JUZ  AUwU 

jUfcOERSHOLT  COHHt-TlO'9 

0D66 

443000 

-up  aDwD 

{OVERSHOOT  C«RRtCTi«9 

{EITHER  Ay**  w wR  <*uyD 

{TESTS  FOP  Cy9Vj.Hat.9CE 

; THE 

A990TA7.09  FOR  THE 

“up*  R0LT*9E  APPLUS 

; ALSO 

TO  THE  FOL..OW193 

R0LT;9t.. 

0069 

0630 

DOWN; 

•4/1  A.CffOLH 

;DL.fc  COMTHCL 

0066 

460300 

CAL*.  0ATA2 

G06E 

46E30C 

CALL  LT 

GDC! 

606  900 

oC  DC  66 

GDC  4 

464800 

CALL  FLTR 

ODCf 

4€£‘0C 

cal.*.  LT 

COCA 

6C6  90D 

*/C  0066 

ODCD 

463600 

CAL*.  LQ93 

0000 

46F20C 

CAL*.  Ac 

0003 

31 

OCR  L 

0004 

48<_*CD 

JNZ  adju 

{OVERSHOOT  wvRR£»-Tly9 

GOD’’ 

443000 

wfP  AJoD 

{J9CERSHL0T  CLr  •"t.-T  1 01% 

; “*C  VE " SE9.S  a 'tSSAat 

Tw  Tht.  PtHAluR 

J ‘AD 

-ttALS  ;*•*  desis 

J.D  i.X7f<9A  y 

l DEVI 

w l ^ Oil  1 T 1 0®  • 

5 IXPL 

T:  w**Ei:*iC7:.D 

: RE31S7EaS:  *tw 

; OUT* 

UT:  wti>lSEL  »CS III 

09  is  i.9 

• 

• 

I 9 A/D  BlSAHY 

U 9 * * j 

GODA 

**C  V E : 

LA 1 H.LffOVE 

; *tSSA jj  Li 

JOdt 

4«£800 

Cal*.  LIS* 

GOEl 

46  "T 1 0 

wAl*.  -RL? 

JOt  4 

46FS0G 

*L^OP : 

CALL  j£T 

; 19-yEaIRj.L  •*  CS  i 7 1 ..  9 

;l9  jS  t.R  9 » IS 

ODE' 

1 a 3 6 4 

LA  1 H , OOP  9*1 

ODE  6 

463A01 

CALu  STRIP 

{ cCD«-A3- 1 » 

OOEE 

. 03  6 AC 

LX  1 H,*)0P9y 

0DF2 

4*  4c  36 

CALL  196 

{ F .P  . -6C0 

OOF* 

Zi  13368' 

LXi  H,CFeuF 

; C09  v£R$  I 9 1 A w T 0 r 

DDF  5 

466  403 

CAL*.  01  V 

; vGL  T$«-o5EA  w9*  TS 

JDFC 

4633<  fc 

CAu.  tftI-7 

; AfcSOLoTL-VCyTS 

GOFF 

2E  IG3f  4c 

LX l Hf0C*9D 

GE03 

463E03 

CAcl  STR 

3£0€ 

Z£  103  6*0 

LXl  n.OCPvD 

OE  GA 

468  901 

CAy*.  PP619 

{61  9AHV-r  ,r>  . 

OEOD 

0" 

RET 

{fcACX  *C  CU’Swtwt 

“C9TjA"  "CM  fc  ‘ ARE  A CL9'19CA71  m 

-F  THE  ABOVE  Mfteunoi  FQH  -MoAl  -c  97  POL 
Or  THE  EX7IP  9 AL  Of  V I C£  . 


t 


OEOE 

2£ I03€A? 

; 

CUT l.A  : 

lXI  H ,5TAwK*7 

jP«-*lhARY 

JE  1 c 

FE 

*ov  r,o 

Dili 

30 

im  l 

DC  14 

FC 

*CV  “,t 

X 1 5 

4*4«0D 

call  flip 

t TAKE  A SArPLE  TO 
t DCTERPI Nt  DRIVE 
tOIRtCTiJA. 

J (UP  .jh  DCP* . 

OEiS 

4AEOOC 

CALo  jT 

; TU*  M j*  “UP  * RELA  Y 

DE  IB 

«03DO • 

JC  •GVEw 

OElE 

4*e.50C 

CALL  LT 

1 TURN  uN  "DOWN"  HllAY 
jELSE  DO  NOT  “OVE 

0*21 

«0430E 

JC  HOVED 

JE2  4 

2I24J6FF 

-»TwB: 

LX I h,C3 

. • • 

• 

QE2E 

4*£i00 

Call  LIST 

OC2B 

2£ 1 03 «C0 

lXI  H.SCAME 

ScOAD  C H A N *.  l L 0 IN 
{SCAN  BUFFER 

OE2F 

3E00 

HVl  " .0 

D£3l 

30 

I«  L 

OE32 

3E0D 

•VI  “.SCHAR 

{STOP  AFTs.*  1 -HANNtL 

iSCAfc 

DE34 

4*41  J k 

CALL  C»TU? 

:l  2«  POINT  AVCvRAuc 
; *1 TH  PREVIOUSLY 
;DEFI nlo  jtt AY  and 
; F0R”A7 . THE*  PRINT 
; ACTUAL  PCS  I T I <-N 

<DE3" 

4*7100 

o ALL  CRLF 

OE3  A 

444F0E 

• 

• 

uFP  -A  NCI 

"•OVtlT  AN&  "“GVED"  Ar£  THE 

:.N7*?Y  JOINTS  Tw  THE  “UP*  an,.  "Loan" 

-CNTROL  S-tRuUlNE_.  <“A\-Al.  oP S). 


E3D 

46S600 

“CvEu:  CALL  DP 

DE  4C 

44240E 

oWP  CAT  J® 

DE43 

4*e  >00 

-CVEj:  -all  Down 

DE  46 

4 4. 4uE 

j*P  CkTUt 

: 

j "HA At “ IS  THE  ENTRY  POINT  FGF  The 

OPE* ATOP.  FO?  “ANLAl  AlTjATIvN  of  SO*£ 
HiC*GP*CCESStR  CG«TRGU.CJ>  DEVICE. 


t 


OE  45 

46OA0D 

HA  AC:  call  “OVE 

0E4C 

4 40C0E 

uWP  CNTUA 

DEAF 

4CE40D 

•A  NCI:  CALL  “LOOP 

DE32 

44  EDE 

JPP  C NlUA 

DC  00 

end 

{ D1A  MOST  ICS 

l ’DUHP'  IS  JStD  TO  DISPLAY  THE  CObTEbTS 
j OP  THE  CObVEASlCt  FACTOR  BUFFER.  "TtST* 

I CHECKS  ALL  SAP  BETmEE*  1000H  Abl  iFFFh  fcY 

: wirikj  olt  a byte  to  iau  locatioa, 

; PEADU3  IT  BACK , AMD  CU«PAMib„  TO  TH t 
: OPI3IMAL  VALUE.  IF  AM  ERROR  IS  DElTalTED, 
t THE  TTY  BELL  IS  RUba  AbL  A HESS  A it  IS 
l PAUTED  OUT  AlOMS  bl  TH  THt  -ubTEbTS  \jF  Int 
; HAD  ■EPCAY  LOCaTIOM  AhO  I T * S ADDRESS, 
t 

OOOO  OP  3 OE  %0H 

; EQUATES  »0T  AbbuTATED  CAb  Bt  FOcbL 
; lb  AREVIOJS  SECTIONS. 


J040 

CFB 

Ell 

Of  OH 

j LOL  add  wF  vobVEHSlOb 
;F ACTuR  fcwFFtF 

OOAO 

STK 

t «U 

OAOH 

:LOM  ADDRESS  vF  STACK 

00  7C 

CO 

ELL 

007CH 

ICAO 

STaCa 

ECU 

ICAOH 

0071 

CALF 

ELL 

007  Ir 

OCEf 

LIST 

ECU 

00  E BH 

0145 

OUP* 

ELL 

01  4*  H 

COS7 

C*T*L 

EQL 

00  5 7 H 

1070 

HESLT 

ECU 

1070H 

Hit 

LOO 

E«U 

33CER 

O’OF 

out 

EQL 

070FH 

i *tSSA3ES 


27  A5 

RAP 

ECU  2 7 A 5 K 

Ol  bO 

2£ 1 OS 6 AO 

CwPP: 

LA  I H .STALK 

0E64 

HfO 

"VI  •.wFt 

; ST  AR  T I b j LcC A T . vb 

0E€< 

F7 

DL  OOP  • 

-OV  L,- 

; jlT  vtvTtS 

0E6' 

4 bitH 

CAL-  LOD 

;A-CCbVtRSIOb  U-TuR 

0t€  A 

2E  1 0SR70 

L * I H.RESLT 

0£€£ 

4LCF0' 

CALL  OUl 

julPP  to  output 
;BlFFlH 

OE  7 1 

4*4501 

CALL  DlSP' 

; AS-I I-BvO 

0174 

EE  I00€70 

LAI  H.ttSLT 

OE78 

4LES0C 

CALl  LIST 

jPRUTOUT  .bFo 

OE75 

4€'T 1 00 

Call  calf 

;bE»  like 

OE  7E 

2£ I Olt  AD 

lXI  H.STAwK 

DEI  2 

C7 

POV  A,** 

; FETCH  VECTOR 

DECS 

34C4 

ADI  4 

: A»- A ♦ 4 

0E85 

Ff 

*0V  «,* 

{SAVE  VElTOA 

OtBf 

3CA0 

CPI  ST  A 

;CH£Ck  FOR  lAsI 

use 

*€9~00 

oZ  CbTRL 

;IF  TRuc,  ki«t 

ERB 

44«(  t 

-PP  DL^CP 

;ELSt  jl 7 VtAT 

I 


» 

: 

; “"TEST*  IS  *StD  TC  CH£C»  EACH  RAf  wOCATIw% 
; TO  £*s U*£  IT  IS  all  Is  CRDEH . II 

t ALTERNATELY  bRITES  Alw  0*S  I*tk  all 
; I'S  TC  EACH  CELL  A*i  TESTS  THAT  THt  .ALut 
I RiAJ  BACA  IS  Tht  st  IT  StfcT  utl . 


3i«t 

0400  RTESTi 

*v i a.j 

l FIRST  TtST  vACwt 

7E9C 

2E10340C  NtXTt 

LX  I H , 1 300* 

; HAP  START  LOwATIOS 

OE94 

C«  LOOPj 

POV  E.A 

{SAVE  A 

0£5* 

Fi 

«CV  '.A 

jsPITE  IlST  «ALwt 

J£S€ 

C? 

PCV  A,« 

tnEAD  Test  valul 

0E9Y 

£9 

crv  s 

t IS  IT  Tht  SAPt  7 

0 tM 

44£tOt 

ER»3 

:IF  so  ww.*p 

OtRfc 

30 

I »R  L 

:POl at  to  %txl 

0E9C 

48  A 20  £ 

J2  PC 

j CHECK  PA  CPv.SSiV„ 

3E9F 

44S4Jt 

0?*P  LOOP 

: TRy  A^LlwtP 

0£A  2 

w3  =»Ct 

IVP  H 

: \tX  T pa  jr 

Ot  A3 

c; 

*0V  A tr* 

OCA  4 

3C20 

CPI  2CH 

IlAsT  Pa 

OCA< 

48A00t 

<jZ  %ix 

;IF  ytS»  CHECK  _ «S  7 
: uiwt 

0EA9 

Cl 

rcv  ~ . 

jRLSTcRt 

OCA  A 

4494  )£ 

LOOP 

OCAO 

U *£•: 

*0V  i,S 

; jE*  CURrtlkT  TtST 
jVALui 

OS.  At 

3CFF 

CPI  OFF* 

; IS  II  FFn 

J£60 

ZS 

RC 

;IF  TRwi,  k-kXi 

OEBl 

3««T 

-VI  A,w?F- 

;L.':  SET  xtv  v AL kL 

OEE3 

44SOOt 

*>r»p  x£'T 

; x*  TtS I fcA-  • I T h 

;XtA  «Atwt 

Orb  A 

4AD13E  £BR3 : 

CAll  h£xT 

:P  - I *T  wd  CAL  0 A I A 

3££  9 

0£2F 

" V I £ t * • 

OEEE 

4<?COO 

call  cc 

OC££ 

C5 

HCV  A,H 

OEB  F 

4401  E 

CAll  H£»T 

; ADDRtsi  jT 

Or  C2 

C4 

*0V  A,L 

OEC3 

4«U  t 

c all  hex: 

OECA 

44-100 

CALC  CRv.r 

0EC9 

2E2734A* 

CXI  H , H AH 

t TILL  uPtPATc- 

OECD 

44£*0 

call  list 

CEDO 

07 

RET 

t DC»t 

: "hex t”  OuTPuTS  *tx 
; TWC  ASCII  DI  31 TS. 

t A I A iC  A „ C 0*  AS 

OEDl 

4 

EC  HE*T: 

*0V  t , A 

; SAVE 

iED2 

1 A 

RAP 

t l w SlbELL»-Hl  vletLt 

OLD3 

1 A 

RAR 

JED  4 

1 A 

RAP 

0ED5 

IA 

RAR 

J£L€ 

4<E4  3£ 

CALl  HEX 

JOLTP.T  POcTlAt 

0EB9 

44-COO 

CAll  CC 

Ot  DC 

C 4 

•OV  A,£ 

IMEST  Pt 

OEDD 

44£  4 £ 

CALL  HEX 

0€E0 

0€£J 

Ot£< 

4«?C00 

07 

UJF 

HExt 

CA*.*.  CO 
*ET 

AftI  OFH 

1*ASA  OFF  ni  A*  ebkt 

3U% 

3C0A 

CFl  10 

(IS  IT  A AUKfctft 

Jtie 

iO£DOt 

jc  air 

1 1 F IAut,  jL r.f 

octe 

0407 

ADI  7 

lllSL  COASISuCI  Lil 

DEED 

04J0 

»U»»: 

ADI  SOM 

; ASCI 1 BIAS 

OCEF 

ce 

WOV  6 ,A 

tOl/IFJT  *t.»ISTU 

DCFC 

OOOO 

07 

£«0 

RET 

THE  AUTHATIC  COkTFOL  SECTlUfc  "AktS  uS t uF 
THE  “*UVE"  AkD  “SCAfc-  SECTIUkS  TO  PROVlDt 
AUTOMATIC #lMCAtni*TAL  STEPP*  kj  j f A* 

EX  TER  %Ac  DEVICE  StTWitk  AftfclTRARy  LIMITS. 


oooc 


OF  3 2000M 

E6UATES  XCT  AkkOlATtD  CAk  fcE  FGUkD 
Ik  PREVIOUS  SECT  I OkS 


OCEfc 

t 

SkAP 

£00  OCEBH 

OCEC 

3T 

£QU  OCEOH 

lDE-bw,R£S  kuT  SAVED 

OC£i 

LT 

£60  X£  5H 

jBC-DE  ,F*iS  kuT  SAVED 

00C4 

FLO©? 

•Qu  OOtAH 

jFETCH  tATtPkA*. 
jFoSI T ,C0kVtRT , AkD 
jSTOS*  Ik  Dt 

OD4F 

FcTR 

£•0  OLmSN 

; aL  1 TCH  AHD  kUSt 
jFlLTtR 

JB5t 

RSCAk 

£hU  063 eH 

j-£-3CAk  DES I RED 
t CKAktELS  AND  P^Ikl 
l ft£S  ULTS 

08J4 

SCAkk 

£3l  0E34H 

jPHI.kT  OUT 
jCOLUFk  n£ADl  *<j5 

XCA 

ERR  1 

E«u  vCCah 

jIERrikAL  ERROR 

GD98 

OF 

£60  009EH 

jTJRk  Ok  UP  DR  I *i. 

ODe  9 

004* 

EGU  0L63h 

jTwHk  Ck  Ook%  DRIVE 

1080 

k 

£«U  IOaOh 

;IT£RATlOk  COUMtH 
jFLOATIki  Ptlkl 
iSIOtADE 

10(4 

TEFP 

£60  I0«4r 

; T£*PUR  A*»Y  PRODUCT 
; S TO®  A D£ 

1 Oil 

*Ikc 

£6U  ICaAh 

jf.P.  R-FHEStklATICk 
jj F IkcRiHtkTAt  Dial 

OFtO 

I< 

Low  »/FtOH 

; 1 >0 

OFF  0 

I 1 

£6o  OFF OH 

J8IJ.I5 

000  D 

SCHAR 

£66  Dun 

OOTI 

CALF 

ECc  00  7 1 H 

00  it 

LIST 

£4  Ouifc- 

00>T 

CkT»L 

£6u  0097h 

OOF* 

JET 

Ewu  OQF*»h 

0I3A 

STRIP 

EuU  0 1 3 AH 

01)4 

blkFP 

E6U  01  5 AH 

0189 

F*E  I k 

E6U  0I89H 

1040 

OOP  HD 

E6U  I040H 

1058 

STOFE 

£6U  1058H 

1 DAO 

STACK 

tWb  1JA0H 

1X0 

SCAkB 

ESU  IX OH 

1080 

CFfcUF 

ECU  I080H 

0080 

CFB 

E«U  08 DH 

00  3E 

ST* 

ECU  033EH 

0J«E 

LOO 

ECU  03 4 EH 

0307 

AD 

ECU  03D7* 

038C 

HUL 

EoU  038VH 

0364 

DIV 

ECU  0 36  AH 

r 


04  AC 

!•«  COU 

1 

I HESSA3ES 

04  4fcH 

2472 

LRCAD 

tOU 

2672P 

2744 

START 

COL 

2744H 

2755 

STOP 

EOU 

2756* 

2744 

:»cr* 

E4U 

2744H 

2772 

LUttlT 

COL 

2772" 

COWIOI  st&RCwT  1 ’*£i 

“LOOXX*  AAD  *STRXX*  kki  USED  FOR  2 HAY 
Tf»A»SFt«  OF  DATA  fctT.EL*  CPL 


I REOlSTrRS 

A.»D  *£,,»s Y . 

2000 

2£ 1 036 A7 

STRD: 

LX  1 

H 'STACX  *1 

{Cu=rla:  otsnt^ 
jPLSITUsi  SlO-»*i£ 

2004 

F 9 

*i£ : 

«CV 

-.1 

2005 

30 

1*? 

L 

2004 

FA 

HOV 

».C 

200  7 

07 

RET 

2006 

2£ 4034A7 

LOOD: 

LX  1 

H f S T AC.t  * 7 

; sC*-*' 

200C 

CF 

5CH: 

»0V 

c 

200D 

30 

I %h 

L 

200E 

D7 

*ov 

C,» 

200F 

07 

R£T 

2010 

2£  I036cw 

SISST: 

L *.  I 

H,STAwn*l2 

jSTAfll  POSITION 

2014 

440420 

J*P 

; "►•C 

2017 

2E103662 

LODSIt 

LX  I 

H ,ST AC* - l 4 

2016 

4 400 20 

J«1P 

eC* 

201  £ 

21103  6c  4 

sinst 

wXl 

h,5TAv.*«^c 

:STjp  p^si:i-»A 

2022 

F6 

«0£  t 

HOV 

* ,D 

2023 

30 

1 A" 

L 

2024 

FC 

flOV 

".t 

2025 

07 

R£T 

2024 

2£ 103 6c 4 

LOOS: 

LX  1 

H,5TA~**2t> 

: 0£-p 

20  2A 

OF 

DE*: 

*©V 

0.* 

20  ZM 

30 

L 

202C 

£7 

*ov 

i r 

2021 

07 

RET 

<.021 

21103464 

STRI : 

LXl 

H f S I AC*  ♦2*. 

ihCSt'O’AL  PL>iTI-N 

2032 

442220 

jn? 

70£ 

2035 

21103664 

LODI: 

LXl 

h #ST  Ac*  ♦t.E 

j D£-P 

2039 

442*20 

t 

t 

JWR 

DC* 

203C 

211  3364  J 

1 *C4t 

LXl 

H.A 

»I»CRt’»t4T  ITHATl^N 
jCOLATt?  (4) 

2040 

466E03 

CALL 

LCD 

jA-% 

2043 

<£  0F361 0 

LXl 

M.l* 

2047 

443703 

call 

AO 

»*:*♦! 

204A 

21103440 

LXl 

H,4 

2041 

463E02 

CAlL 

SIR 

J4-A 

r : ^ 


20)  1 

2£  10.38(8 

EXI  H.F14C 

(OCT  14CXEP.EAT  (1/ 

20)5 

448c  01 

CALL  RLL 

1 !-*•! 

20)1 

2£  1 01  ( ( 4 

LXl  H,TEI»P 

(SAVE  FACTOR 

20  )C 

4(1ED1 

CALL  STP 

20)F 

2E101((4 

LXl  H.TEHP 

2041 

448)01 

CALL  FP6U 

{61 AARY-F  ,P  . 

2044 

442E20 

CALL  STRI 

1 *-»£k  UCPEAEkT 

20<S 

441520 

LOAD:  CALL  LODI 

(LOAD  START  PCSIT 
:A»t  iHCJUrtkT 

204C 

441720 

-PP  LODST 

204  F 

440020 

STOP:  call  STUD 

{STORE  ktXT  POSIT 

2072 

442(20 

JPP  LCDS 

: 

{LOAD  STOP  POSIT 

t 

1 "1*CP"  ADD  "DECp- 

APE 

uSED  Tw  1 (CREPE  AT / 

j DECRLPEhT  THE  .Ac 

-E  F 

"DESIRED  PlSITIlV 

; 6Y  *IkcPt*EkT"  AHUUkT. 

: THE  4 OUT U£  bETjRr*  rITh: 

: &C-START  ?US 1 T* 1 RCREP 

t AT  • a 

1 STACK* 7— fc - 
; DE-ST CP  POSIT 

2075 

4(1020 

i 

ULP:  CAc*.  UCfc 

SUPOT  PaRaPETiRS 

207* 

04 

•CV  A,E 

: ADC  EL»„E  A(t  STuR 
{RESULT  U El 

2079 

8c 

ADC  C 

207A 

DC 

*CV  C , a 

-0  7t 

Cl 

PCS  A,D 

207C 

89 

ADl  b 

20  7 D 

08 

PCV  = ,A 

207E 

44(F20 

jPP  STuP 

{Exit  trrou.**  store 

2081 

4*10  tO 

DECP : Call  Uc* 

; UP  WT  P AR  AP.r  T E«S 

20*4 

C£ 

PC'V  A,c 

;SUE  Dt-cC  A Al  STUR 

uesll:  u ec 

-Of  5 

94 

sub  E 

2JS« 

00 

POV  C,A 

208  7 

Cl 

-OV  A,E 

2088 

9E 

SEE  D 

208  5 

cs 

POV  £ ( A 

208  A 

448F20 

J«P  STOP. 

1 

{EXIT 

208  D 

JL  1 ul*E8 

• 

• 

SSLE:  LXl  h .STACK 

*04 

{SET  SUET  FOAj 

2051 

1E0I 

PVI  -,» 

20  5 J 

44IE21 

unp  RUkc 

{bACX  TO  "RUk  -OOP* 

"RU"  15  Thi  JPtRAlOP  EkIPY  POUT  TO 
TO  THE  AuTDHATU  CukTRcL  ROUTUE.  IT 
PROVIDES  REPEATED  SCAkAlA*  F OP  TO 
8 CHAAkllS  AT  SElE-TED  POSITIONS  OF  A* 
ExTEPRAl  DEVICE. 


209€  ttiOKCO  PU: 
209A  C 7 


-XI  H , aCAkfc 
^OV  A,*! 


{VALIDITY  ChtCX 


20*6 

3C2A 

CPI  *•* 

tBOoT  DlFAuLT 

4.0  fL 

46CA0C 

OZ  E*RI 

20A0 

2E273444 

LXl  H.STAAT 

5 36  7 5TART  POSIIlOS 

20A4 

44£§00 

CALL  LIST 

20  A 7 

44E4CD 

CALl  "LOOP 

tCOWVERT  XL  6ik 

20AA 

44ttJC 

CALl  SWAP 

jBC-U 

20AC 

440020 

CALL  STUD 

1H-5TAR7 

2060 

441020 

CALL  strst 

j^-START 

20B3 

44^100 

CALL  CRLF 

2064 

21273435 

LXl  h.STOP 

j set  fi»al  posit :o6 

206A 

44£600 

CALL  LIST 

2060 

44E400 

CALL  *LOOP 

iCOAVtRT  TC  Bis 

20CO 

441 £20 

CALL  STRS 

jn-STC'P 

20Ci 

44^100 

CALL  CfiiF 

20C4 

2£2-»34«4 

LX  I H.lfcCRE 

j 0£T  1 fcCRESt  ST 

20C  A 

46ES00 

CALL  LIST 

20CO 

46FgOO 

CALL  SET 

; I SPOT -I 

2CD0 

2E  1 03  ft  40 

lXI  H.DOPSl 

2000 

44 3 AO  , 

CALL  STRIP 

l&CD— ASCI  I 

2007 

2£  103440 

LXI  O.DOPsL 

2006 

4 4 46  04 

CALL  144 

;F  .P  .-€Cl 

20DE 

2E  103410 

LXl  *,,CFbOF 

20t2 

446  403 

CALL  01 V 

5 I-OCLTU  ) 

20E9 

2EOF34FO 

LXI  h,II 

2065 

444C03 

CALL  -Lt 

:I-61sU  > 

20£C 

2£ 103648 

LXI  H,Fl4c 

20F0 

463EC3 

CALL  SIR 

jp-I 

20  £3 

2£  103448 

L*I  h.FIal 

20**? 

444  501 

CALL  rPtl4 

: Ol-AsSlL-T£ (• ) 

2CFA 

442E20 

CALL  STR I 

1"-IsCR£*l4T 

20FC 

2£  .03640 

LXI  h , 4 

j"£SET  -CwATtt 

2101 

JEOC 

*vi  - , J 

2103 

447100 

CALL  CRlF 

2 1 0€ 

443  4Cr 

CALL  SCA45 

jcOL  HtAOiSjS 

2105 

440620 

CALl  lcdd 

;3ET  START  AS*  STOP 
{POSIT  TO  OiTtR**  4t 
;IsCR£Ps.4T  DIRECT I On 

2I0C 

4424«.0 

CALL  LOOS 

2I0F 

44E00C 

CALL  3T 

{START *S7oP  7 

2112 

404020 

OC  SSLs 

; IF  YES,  SET  >lAj 

2115 

2E  U3668 

LXI  H.STAlK-,.4 

{ELSE  RESET  FLA., 

21  19 

3E00 

*VI  *#0 

2116 

444800 

CALl  flt= 

jtaal  posit  ^tAOisis 

21  IE 

44E00C 

CALl  3T 

2121 

40  4 C 2 1 

OC  1 SLR 

{IF  OtS IriD-AcTuAL  , 
jPOVE  OP 

2124 

44E30C 

CALl  LI 

2127 

405221 

OC  D£CR 

j IF  OESIRtD-ACTLAc, 
jPOVE  LOSS 

2I2A 

443E06  C*»T  OC  j 

CALl  0SCA4 

:ELSE  TAKE  A St T Of 
jCRASStL  READI  SOS 

2120 

2£ 103466 

LX I M, STACK-24 

tj£T  DIRECTION  ft*j 

2131 

C 7 

*10  V A,- 

2132 

3C0I 

CPI  1 

2134 

CS  432 1 

jz  oecpi 

(IF  St  7,  OECPt 4S£ 
(POSIT  EY  -j- 

2131 

487)20  i»Cfil: 

CALL  1*CP 

(ELSt  1 ACHs.A$t.  PuSIT 

2 1 3A 

48EOOC 

C4LL  3T 

2I3D 

805821  TEST: 

JC  EXIT 

(IF  SIoP  POSIT 
(LXCtcOEO,  s X I T 

21  4c 

441221 

j*p  »u*l 

(ELSs.  *tPtA7 

21  43 

488  1 20  DECS  1 : 

C4LL  DECP 

21  44 

48E50C 

CALc  LT 

2144 

443021 

J«P  TEST 

(CHECK  FuF.  ST  CP 
(POSIT  LXCttOtU 

2I4C 

489600  I *CP : 

CAlL  UP 

;POw£  jp 

2I4F 

442421 

J*P  CkTUc 

21)2 

48&4CD  DECS: 

C4LL  DOWN 

(P.OVE  DOHA 

2155 

442421 

JFP  CnTUC 

2158 

487100  EXIT: 

CALL  CPLF 

2 1 5t 

487 | 00 

C *Lc  crlf 

2151 

44S**00 

• 

• 

jrp  csTFi 

• 

; "UNIT 

" IS  USED  TC  lar 

uT  *.u%vs..h»I04  FA*TvSS 

: which 

CHA  N JE  TH£  I >» T £ 

P44*.  UNITS  VCLTS) 

: TO  44Y  *N*T  EY  T ri  „StR.  AL*.  i /C 

; OP£*A 

TIOn  IS  THE X I*. 

T£H*s>  Jf  THiSt 

; NE*  INI75  cCTIi.  FtStT 

• 

• 

2m 

2E26387*  UNIT: 

LXI  H.LSE40 

("CHAXAl*.  t 7“ 

2 1 €5 

4 8 1 8 w v 

C4uu  LIST 

2 ice 

46FSOO 

LA*.*.  JtT 

(iAPUT 

2 1 8fc 

2E 1036 4C 

LXI  H,DOP% 

21  «F 

483401 

CA*.c  ST=  Is 

jiCD-ASCI I 

2172 

2s.  1 03  8 4 

LXI  K.NPftl 

2178 

C 7 

•OV  A , • 

(JET  CHA8%ti_ 

2171 

So 

OP  A A 

( CLEAF  i APF y 

2i  ie 

12 

S 4* 

(HP v EY  4 

2H4 

12 

SAL 

2174 

0480 

401  CFc 

(COMPUTE  V£CTO“ 

2I7C 

2£  103846 

LX I H ,57AcA*€ 

21 8C 

r« 

PCV  P.,4 

;ST06E  IT 

2181 

487100 

CAc*  C*Lf 

2184 

2E  2 7 3 8 7 2 

cXl  h ,*.cNl  T 

( "U*i  T/VQLT  : 7“ 

2188 

4f  E80C 

'.ALL  LIST 

2182 

48F|0u 

wA4_L  JET 

( JET  cOAvtF.SION  FACTO* 

21  S£ 

*£103  8 40 

cXl  H.OOPN*, 

2192 

483401 

Cal*.  STPIP 

(BCD-ASCi 1 

2155 

21 103840 

cXl  r.OflPtD 

21  9S 

484S  38 

CAl*.  IAN 

; F ,P 

219C 

2£ 10384* 

LX*  h ,S7a*,< ■»* 

;atT  VECTOP 

2140 

F7 

MOV  c." 

;POI>T  TO  S T OH  a 

2UI 

4*3t  33 

Cau.  stf 

(P-f  AC  T OF 

2144 

487100 

CAcL  CPLF 

214' 

oooc 

448121 

E*D 

JPf  . Vi  T 

; jt T NEXT 

ALL  HtSSAitS  OS£D  fcY  IH£  SYSTtr  Ant 
C0*TAK7ED  In  THU.  S£wT  10A  . 
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0000 

OKS 

2 (00b 

000  0 

SCHA5 

£-.0 

OOr  ;$TOF  CKAHACTtn 

000  A 

LF 

EUL 

OAr  ;£(D  QF  RcCORC 

2C0C 
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2(00 
2(07 
2 (Ob 

2(0F 
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30 
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Ob 
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CH  Ac 


JUMP  TABLE 


0000 


; 
f 
9 

; THE  RECOGNITION  ROUTINE  ("RECOG",  OOAIH) 
; COMPARES  THE  CHECK-SUM  IT  COMPUTES  WITH 
; EVERY  THIRD  ENTRY  IN  THIS  TABLE.  IF  A 
; MATCH  IS  FOUND,  THE  FOLLOWING  TWO  BYTES 
; SHOW  THE  ENTRY  POINT  FOR  THE  DESIRED 

; ROUTINE. 

• 

; OOH  MARKS  THE  END  OF  THE  TABLE. 

ORG  OFOOH 

; 

{ EQUATES 


0847 

READ 

EQU  0847H 

; VOLTMETER  FUNCTION 

08F0 

CNTLR 

EQU  08FOH 

{"RUN  NO.  - 

0901 

CNTLC 

EQU  090 1H 

."♦****  " COMMENT 

0912 

EDIT 

EQU  0912H 

;TEXT  INPUT 

095D 

FILE 

EQU  095DH 

; WRITE  TEXT 

0963 

WAIT 

EQU  0963H 

{DELAY  FACTOR 

098B 

A 1 

EQU  098BH 

;3  MS  DELAY 

097F 

B 1 

EQU  097FH 

{15  MS  DELAY 

0973 

Cl 

EQU  0973H 

{25  MS  DELAY 

0C35 

SSCAN 

EQU  0C35H 

{SET  SCAN  ROUTINE 

OCAD 

SCAN 

EQU  OCADH 

{TAKE  DATA 

0E49 

MOVE 

EQU  0E49H 

{MANUAL  CONTROL 

0E60 

DUMP 

EQU  0E60H 

{CONVERSION  FACTORS 

0E8E 

MTEST 

EQU  0E8EH 

{RAM  CHECK 

2096 

RUN 

EQU  2096H 

{AUTOMATIC  CONTROL 

2161 

UNIT 

• 

EQU  2161H 

{INPUT  SCALE  FACTORS 

OFOO  1C 

Jl* 

DB  1CH 

0F01  4708 

DW  READ 

0F03  12 

J2: 

DB  12H 

0F04  F008 

DW  CNTLR 

0F06  03 

J3: 

DB  03H 

0F07  0109 

DW  CNTLC 

0F09  26 

J4: 

DB  26H 

OFOA  1209 

DW  EDIT 

OFOC  20 

J5: 

DB  20H 

OFOD  5D09 

DW  FILE 

OFOF  35 

J6: 

DB  35H 

OF  10  6309 

DW  WAIT 

0F12  41 

J7: 

DB  41H 

OF  13  8B09 

DW  A1 

0F1 5 42 

J8: 

DB  42H 

OF  16  7F09 

DW  B1 

OF  18  43 

J9: 

DB  43 H 

OF  19  7309 

DW  Cl 

0F1B  31 

J10: 

DB  31H 

0F1C  350C 

DW  SSCAN 

96 


0F1E 

25 

Jll: 

DB 

25H 

OF1F 

A DOC 

DU 

SCAN 

0F21 

37 

J 12: 

DB 

37H 

0F22 

490E 

DU 

MOVE 

0F24 

36 

J13: 

DB 

36H 

0F25 

600E 

DU 

DUMP 

0F27 

8D 

J 14: 

DB 

8DH 

0F28 

8E0E 

DU  MTEST 

0F2A 

F5 

J 15: 

DB 

0F5H 

0F2B 

9620 

DU 

RUN 

0F2D 

40 

J16: 

DB 

40H 

0F2E 

6121 

DU 

UNIT 

0F30 

00 

stop: 

DB 

OOH 

97 


| CONSTANT  STORAGE 

j THE  FOLLOING  DATA  ARE  THE  FLOATING 
; POINT  REPRESENTATION  OF  CONSTANTS 
j USED  THROUGHOUT  THE  PROGRAM 


OF31 

ORG  OFEOH 

OFEO 

81000000 

16: 

DB  81H, 0,0,0 

Jl.0 

OFE4 

7A000000 

15: 

• 

DB  7AH, 0,0,0 

; .0078125 

0FE8 

f 

ORG  OFFOH 

OFFO 

8A4C 

11: 

DB  8AH.4CH 

0FF2 

C99A 

DB  0C9H , 9AH 

{819.15 

0FF4 

84200000 

12: 

DB  84H , 20H ,0 ,0 

o 

. 

o 

0FF8 

8A4C 

13: 

DB  8AH,4CH 

OFFA 

C99A 

DB  0C9H  1 9AH 

{819.15 

OFFC 

8D7F 

14: 

DB  8DH,7FH 

OFFE 

FCOO 

DB  0FCH,0 

{8191.15 

OOOO 

END 

71 . RECOMMENDATIONS 

The  ADL  software  was  developed  on  an  existing 
development  system  which  used  the  following: 

1.  110  baud  teletype  for  program  listing. 

2.  110  baud  paper  tape  punch  for  mass  storage. 

3.  1200  baud  high  speed  paper  tape  reader. 

4.  1200  baud  CRT  for  program  entry  and  editing. 

While  this  system  is  a useful  tool  for  writing  and 
debugging  small  programs,  it  is  not  a viable  system  for 
large  scale  development.  The  percentages  of  time  devoted  to 
the  creation  of  the  ADL  software  package  was  15%  logic 
development,  5%  manual  entry,  15%  debugging  and  75%  waiting 
for  paper  tape  and  teletype  output.  The  last  figure 
represents  a significant  and  costly  waste  of  manpower 
assets.  The  following  system  - while  more  expensive  - could 
easily  pay  for  itself  in  man-hour  savings  alone: 

1.  Floppy  disk  mass  memory.  this  reduces  an 

edit-assembly-reedit-reassembly  cycle  from  up  to  eight 
hours  (for  the  entire  package)  to  less  than  five 
minutes  (also  for  the  entire  package) . 

2.  Line  printer  for  producing  source  code  and  assembly 
listings. 

3.  Resident  high  level  language  such  as  BASIC  or  PL/M  to 
enhance  complex  logic  manipulations. 

The  Department  of  Aeronautics  has  recently  acquired  the 
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INTEL  MDS  80  development  system.  This  system  contains  the 
above  components  and  is  presently  being  used  as  a data 
acquisition  system  for  an  oscillating  flow  wind  tunnel.  In 
addition  to  data  logging,  this  system  can  perform  on-line 
fast  fourier  analysis  of  data  taken  in  a highly  turbulent 
and  non-linear  environment  [2]. 

Microprocessor  usage  presents  a unique  problem;  namely, 
better  CPUs  and  more  advanced  peripherals  appear  on  the 
market  almost  monthly.  Therefore,  a U-P  oriented  system 
rapidly  becomes  outdated.  The  software  for  the  ADL  was 
written  using  industry  standard  techniques.  A change  to  the 
more  advanced  8080  CPU  can  therefore  be  accomplished  (with 
minor  changes)  by  simply  reassembling  the  program  with  an 
8080  assembler.  Such  an  update  is  recommended  if  the  ADL  is 
to  be  used  to  take  higher  frequency  data. 


APPENDIX  A 


GLOSSARY 


1.  A/D:  analog  to  digital  (adjective  or  noun) 

2 assembly:  A listing  which  contains  both  source  code  and 
machine  code. 

3.  BAUD:  A data  transmission  rate  expressed  in  BITs  per 
second. 

4.  BIT:  Binary  digiT.  A single  unit  of  information  in  a 
binary  word. 

5.  buffer:  A group  of  memory  locations  used  to  store 
specific  data  (input  data,  constants,  output  data, 
etc. ) . 

6.  buffering:  A process  by  which  electronic  signals 
possessing  different  properties  are  made  compatible. 

7.  byte:  An  eight-BIT  word  which  is  processed  as  a single 
quantity. 

8.  CPD:  Central  Processing  Unit.  The  area  of  the 
microprocessor  which  computes  and  sequences  all  logic 
and  arithmetic  functions. 

9.  coordination  number:  A sequential,  numerical  label 
associated  with  a set  of  data  points  for  a given  run. 

10.  CRT:  Cathod  Ray  Tube.  Also  used  as  the  generic  name  for 
a television  type  display. 

11.  D/A:  The  inverse  of  the  A/D  process. 
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29.  source  code:  The  program  written  by  the  user 

30.  0-P:  microprocessor 


1 


31.  8008:  An  8-BIT  0-P  device. 

32.  8080:  The  next  generation  (J-P  from  the  8008. 
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APPENDIX  B 


VENDOR  DATA 


The  following  specification  sheets  give  the  major 
properties  of  the  hardware  used  in  the  ADL  system.  Also 
presented  are  the  I/O  pin  assignments  for  the  805  processor 
as  well  as  the  pin-outs  for  the  other  connecters  used 
throughout  the  system. 


MPS  805  MICROPROCESSOR 
SYSTEM  SPECIFICATIONS 

Physical 

Three  4 5 ' by  o 5"  pnnrcd  kiivuti  cerds 
One  BIN  t PU  card 
One  8114  Input  cetd 
One  8115  Output  cetd 
One  8 1 16  ROM  ccrd 
One  8(1?  RAM  card 

C onncctor  Requirement  lor  ea^h  cetd 

56  pm  28  positron  dual  reed -out  on  0 1 25  • emeu 

CPU  Card  includes 
80U8  CPU 

Crystal  dusk 

Addict*  latches,  date  builcrt.  and  control  decode  ett cutis. 

Power  on  end  exicinci  * ester  t 
DMA  buffers 

ROM  Card  includes 

One  I ?02 A PROM  (256  bytes)  end  eight  PROM  sockets 
Socket  for  w«rd  expansion  circuit  (up  to  8 ceids) 

"<  iude» 

” )!  RvMi  1024  bytes) and  ihniyiwo  RAM  sockets 
e*  >-  expansion  ct’cuii  (up  to  4 cerds) 

.••v  * J 'CHHkl 

V ' in i*i  selector « ticuiis  eddresaable  in  groups  of  8 
, fo>  « o expansion  circuit  (up  to  2 cerds) 

• Jnimi;  Card  ictude* 

. TTL  output  letch  circuits  addressable  in  groups  of  8 
hoc  set  lor  ce*d  expcnsion  circuit  (up  to  6 ceids) 

Operational 

CPU 

Executes  all  of  the  8008  mst.uctions 
4 microsecond  time  sieie  cyde  using  8008  (MPS  1805). 

2 8 miciotrcond  time  sisie  cycle  using  8008  I (MPS  805  1). 

Memory  for  dele  or  progtem  v or  age  -aid  expandable  to  eny  combtnetton  of  ROM  end  RAM  to  16384  words 
ROM.  2048  wotd  cepaetty  per  cetd 
RAM.  4096  word  capacity  oer  cetd 

input  and  Output 

'■'pot  getes  implement  the  INP  instructions. 

Ou'pui  larches  implement  the  OUT  instructions. 

* • • } *'t  Fxte»->al  Rcsiett 

» line.  sv-Khionu  J mterrupi  on  CPU  cetd  can  be  optionally  wired  for  main  level  interrupt  ot  Power-on  extcrnel  reHeri. 

MuM'  level  Interrupt  .onttot  lines  evttUWs  for  external  liiiamtpt  such  as  81 18  priority  interrupt  cetd. 

Powet-on  and  external  estert  option  CPU  starts  et  instruction  location  0000  bv  wirmg  testett  output  from  CPC  catd  to  Interrupt  Request  input 
‘'MA'Dweu  Memory  Access) 

Oata.  add  tecs  and  control  .mes  ere  3 stats  disconnected  by  the  CPU  following  c HLT  instruction  allowing 
•MA  by  peripherals.  TV  * PU  ^uu  be  tmstrupled  to  continue  following  e HALT 

bJcciH.aJ  Requirements 

Refer  to  mdmduel  dcia  sneers  end  schematics  on  the  81 1 1 . 81 14.  IMS.  81  lb.  end  8M?  for  interface  and  wiring. 

Power  Requirements  for  the  five  cetd  set  fully  loaded 

♦ VCC  » t5%t*  J.3  Amp  maximum  (35mA  per  ROM.  50mA  oei  RAM) 

CND0  volts 

VDO  ■ 9 volts  15-6  > 900  mA  maximum (35  mA  pet  ROM) 

Hard  wet  e 

Compatible  with  Senes  8400  interfere  cerds 
Fils  CRS.  CRI0  ur  CRI9  cetd  racks 
Use  M2? 3 power  supply 

PROM's  programmable  on  Series  81  programmers 
SoltWjlC 

MPS  800  hardwere  u fully  compatible  wrih  eny  8008  software  esaummg  I/O  end  interrupt  can  be  i»*ig“r</  . qrnpatibly  Telety|«e  operenng  itsrem 
and  system  monitor  everleble  Assemblers,  compilers  end  irmulelors  evsilebls  through  computer  time  varmg  services 


1 

< 


8 CHANNEL 

ANALOG 

MULTIPLEXER 

MODEL  MM  8 


FOR  ANALOG  TIME  SHARING  - $69  each 


FEATURES 

□ Small  size 1"  x 2"  x 0.375” 

□ Low  power  consumption 300  milliwatts 

□ High  transfer  accuracy  ±0.01% 

□ Fast  settling  output  1 microsecond  to  ±0.01%  of  FS. 

□ Choice  of  input  type  Single  ended  or  differential 

□ Completely  self  contained  ...  Includes  8 MOS-FET  switches,  drivers 

and  decoding  logic  for  channel  selection 


BLOCK  DIAGRAM 


i jowoo  Se*  note  1 


AKAkOt* 

Outfw: 

«:h  • rtiAyCn-e 


A*«kOG<X>f*u1» 
<■»*  COwtcilO 


SAMPLE  AND  HOLD 
MODEL 

SHM-4 


FOR  SIMULTANEOUS  SAMPLE  AND 
HOLD  APPLICATIONS 

FEATURES 

□ Fast  Acquisition  Time 6 nsec 

□ Low  Droop  20  /iV/ msec 
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DESCRIPTION 

The  SHM-4  is  ideally  suited  to  simultaneous 
sample  and  hold  applications,  where  the  gein 
and  apeiture  deley  between  units  must  be 
matched,  end  where  the  output  droop  of  the 
sampled  signal  is  minimized  lor  time  shared 
A/D  conversion. 

A double  inversion  circuit  in  the  SHM-4 
places  the  FET  sampling  switch  near  ground, 
which  means  that  ell  variations  of  hold  step 
and  of  aperture  delay  with  input  voltage  are 
eliminated. 

A unique  closed  loop  design  gives  high  accura- 
cy and  allows  the  rata  error1  to  be  factory 
nulled.  Rata  error  is  the  deley  by  which  the 
output  lags  an  input  ramp  and  may  be 
expressed  in  nsec  or  in  mV/V/pMc.  For  conven- 
tional sample  and  hold  applications  rata  error 
is  not  serious  because  it  merely  causes  an 
advance  in  the  effective  time  of  hold  and 
tends  to  cancel  out  part  of  the  aperture  delay. 
However,  for  simultaneous  applications  the 
aperture  delay  minus  the  rata  error  must  be 
matched  between  units  so  that  the  effective 
time  of  hold  is  the  same  for  all.  The  SHM-4 
accomplishes  this  by  nulling  the  rate  error  to 
less  than  I nanosecond  and  for  critical  appli- 
cations. by  providing  an  externel  5 nano- 
second adjustment  of  aperture  delay.  Also, 
the  high  accuracy  and  low  droop  of  the 
SHM-4  make  it  useful  in  conventional  sample 
and  hold  applications. 

Careful  attention  to  circuit  detail  in  elimi- 
nating leakage  currants  has  decreased  the 
output  droop  to  less  than  20  microvolts  per 
millisecond  allowing  several  SHM-4  modules 
to  be  time  shared  between  one  A/O  converter. 

' Dynamic  Accuracy  of  Sample  and  Hold 
Circuits.  Oatal  Systems.  Inc.,  Application 
Note  Vi  — 1 . 


Datel's  Model  MM  8 is  a complete  eight 
channel  solid  state  analog  multiplexer  de 
sign.-d  lor  applications  which  tequire  last 
output  settling  and  high  transfer  accuracy. 

The  enure  multiplexer  is  sell  contained  in  a 
plastic  module  measuring  0.8  cubic  inches.  It 
contains  eight  MOS-FET  switches  with  asso 
dated  dnvei  counts,  each  having  a cuirem 
limner  pull  up  FET  to  piuvide  minimum 
piopagatiun  delay,  also  included  is  all  the 
necessary  decoding  logic  to  enable  landom 
channel  addressing  with  a luur  bit  parellel 
binary  input.  Two  MM-8  multiplexers  can  be 
cascaded  to  provide  up  to  sixteen  channels 
under  command  liom  one  4-BIT  address.  The 
addressing  lugic  inputs  are  compatible  with 
DTL/TTL  logic  levels. 

Full  scale  inputs  can  be  either  t5V  or  1 10V 
with  a transfer  accuracy  (input  to  output)  o' 
zO.01%,  provided  the  output  load  is  a mini 
mum  ol  10  megohms.  The  high  impedance 
amphher  provided  with  Datel's  ADC  E. 
ADC-L  and  ADC  M series  analog/digital  con- 
verters and  SHM  Series  sample/hold's  are 
quite  Suitable  for  this  application. 

Output  settling  nme  tor  each  channel  is  one 
microsecond  to  -0.01%  ut  full  scale  and  each 
channel  can  sequentially  switch  at  a 500  KHz 
rata.  The  output  of  the  eight  channels  is 
divided  into  two  parallel  groups  ol  tour. 

As  staled  betoie.  MM-8  is  complete  and 
requires  only  r-5VDC,  +15VDC  and  -15VDC 
(-20VDCI  lor  opeiauon. 

MM-8  modules  are  2”L  x 1"W  x 0.375”H  in 
size  come  fully  encapsulated,  and  feature 
dual  -n  line  pinning  (0  100"  gnd  pin  spacing) 


HIGH  RESOLUTION 
ANALOG-TO-DIGITAL  CONVERTER 


GENERAL  Ut$CHIf»TION 

The  ADC  149  it  a 14  bu  tuccattiva  approxima 
non  typa  analog  to  digital  converter  for  OEM 
ute  It  wat  ipacitically  datignad  to  giva  high 
resolution  and  accuracy  at  modarata  cott  for 
incorporation  into  pracition  inttrumantt  for 
procatt  control  tyttamt  and  tatt  and  meature- 
mant  tyttamt. 

Tha  ADC-149  can  ratofva  1 part  in  16,384 
giving  an  oparating  dynamic  ranga  of  84.3dB. 
On  tha  10  volt  full  tcala  ranga  it  can  datact  an 
input  changa  of  latt  than  1 millivolt.  Accuracy 
it  adiuttabla  to  ’.005%  of  full  tcala  i%LSB, 
Tha  tamparatura  coafficianr  u nald  to  a low 
’15ppm/°C  ovar  tha  0°  to  7U"C  oparating 
tamparatura  ranga. 
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Thit  convartar  accept!  euhar  unipolar  or 
bipolar  input  voltage!  of  0 to  -10V,  0 to  -20V, 
tSV,  or  tIOV  full  scale  by  axtarnal  pin 
connection  and  pertoimt  a 14  bit  convettion  in 
50  Msec  Several  output  codat  are  available 
including  ttraight  binary  for  unipolar  inputt 
and  either  offset  binary  or  two's  complement 
for  bipolar  inputs.  Two's  complement  it 
obtained  by  using  tha  MSB  output  pin.  Reverse 
coding  tense  it  used  with  tha  most  negative 
analog  input  corresponding  to  lull  tcala  digital 
output.  A serial  data  output  it  alto  provided 
and  hat  a nonreturn  to-iero  INRZI  format. 
Logic  outputs  ate  DTL/TTL  compatible  and 
will  drive  6 standard  TTL  loads 


ADL  PIN  CONNECTIONS 


A/ D Card  Code . . . 

32  Pin  plug 
Pin  Ident. 

No. 


1 

NC 

2 , 

NO 

3 

NC 

4 

NC 

5 

Ch. 

0 ■■ 

6 

Ch. 

1 

T 

7 

8 

9 

10 

Ch. 

Ch. 

Ch. 

Ch. 

2 

3 

4 

5 

Analog 

Voltage 

Lnputs 

n 

Ch. 

6 

12 

Ch. 

7 . 

13 

NC 

14 

Relay  plug  (spare) 

15 

Relay  plug  (Alpha  Relay) 

l6 

Relay  plug  (Alpha  Relay) 

17 

Relay  plug  (end.) 

18 

NC 

19 

+5  1 

/DC 

20 

+15 

VDC 

Pvrr.  Supply 

21 

Gnd 

• 

Buss  line 

22 

-15 

VDC 

From  P3  on  Prolog  Rack 
Input,  (Command)  lo  pin  socket 
lln  Ident. 

No. 

1 MIJX  Ch.  001 

P MUX  Ch.  010 

3 Mirx  Ch.  100 

4 S/H  Command 

5 A/D  Start 

6 Alpha  Relay  (Incr.) 

7 Alpha  Relay  (Deer.) 

8 Relay  Plug  ( spare ) 

9 to  16  Not  used 


Relay  Plug 

A to  PI 4 Spare  Relay 

B P17  Gnd.  (Logic) 

C P15  alpha  relay  (incr.) 

D Pl6  alpha  relay  (deer.) 

E P21  Gnd.  (Buss) 


Output  ( Data ) l6  pin  socket 
1 A/D  Bit  14  (LSB) 

" " 13 

" " 12 

" " 11 

" " 10 

ii  ii  g 


2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 


8 

tl  f»  ^ 

" ” 6 

t»  »l  ^ 

tt  tl 

ti  ti  ^ 

M it  2 

" " 1 (MSB) 

A/D  E.O.C. 

Spare 
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ADL  PIN  CONNECTIONS 


PROLOt;  SYS /KM  44  Pin  Output  Plug  (On  Top  of  Card  Rack) 
CODE 

Fin  Ident. 

No. 


1 

' Kit 

. 1-8 

to  p3_8 

Relay  Plug  (spare) 

2 

1* 

1-7 

P3-7 

Alpha  Relay  (deer.) 

3 

ft 

1-6 

P3-6 

Alpha  Relay  (incr.) 

4 

It 

1-5 

P3-5  . 

A/D  Start 

5 

It 

1-4 

P3-4 

S/H  Command 

6 

ft 

1-3 

P3-3 

Analog  MUX  Ch.  100 

7 

tl 

1-2 

P3-2 

" MUX  Ch.  010 

8 

tt 

1-1 

P3-1 

" MUX  Ch.  001 

9 

NC 

10 

Out 

3-3 

P4-15 

DP  (Dec.  Pt.,  Lite  Chip  1 

11 

It 

3-7 

P4-14 

DP  (Lite  Chip  02) 

12 

tt 

3-6 

P4-13 

DP  (Lite  Chip  01) 

13 

M 

3-5 

P4-12 

DP  (lite  Chip  00) 

14 

II 

3-4 

P4-8 

BCD  Data  8 (to  Lites) 

15 

1* 

3-3 

P4-7 

BCD  Data  4 

16 

II 

3-2 

p4-6 

BCD  Data  2 

17 

It 

3-1 

p4-5 

BCD  Data  1 

18 

NC 

19 

tl 

20 

It 

21 

II 

22 

tt 

A 

Out 

0-8 

B 

tt 

0-7 

C 

tt 

0-6 

D 

tl 

0-5 

E 

tt 

0-4 

F 

It 

0-3 

H 

tt 

0-2 

TTY  Card  JX-12/Jx-l4 

J 

It 

0-1 

TTY  Card  JX-ll/JX-9 

K 

NC 

L 

Out 

2-8 

M 

tt 

2*7 

N 

It 

2-6 

to  P4- 10 

(+/-  Lite) 

P 

tl 

2-5 

P4-9 

Lite  Enable 

R 

M 

2-4 

P4-4 

Lite  MUX  1000 

S 

If 

2-3 

p4-3 

Lite  MUX  0100 

T 

It 

2-2 

p4-2 

Lite  MUX  0010 

U 

tl 

2-1 

P4-1 

Lite  MUX  0001 

Ill 


\.+j  iG 


r'ROU>i  0X1“. 'EM 


ADL  PIN  CONNECTIONS 

W+  Pin  ! “HPT  Pl'y  (On  Twp  or  Curd  Iwk) 


CODE 


Pin 

l\iO  • 


4 

*7 

6 

7 

P 

9 

•10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

A 

B 

C 

D 

E 

F 

H 

J 

K 

L 

M 

N 

P 

R 

5 
T 
U 
V 

w 

X 

y 


I dent.. 


1-7 

1-6 

1-5 

1-4 


" 2-3 
" 1-2 
" 1-1 


to 


NO 

In  3- >5 
" 3-7 
" 3-6 

" 3-5  to 

" 3-4 

" 3-3 
» 2-2 
" 3-1 
NC 


In  0-8 
" 0-7 

" o-6 
" 0-5 
" o-4 
" 0-3 
" 0-2 
" 0-1  to 
NC 

In  2-8  to 
" 2-7 

" 2-6 
" 2-5 
" 2-4 
" 2-3 
" 2-2 
" 2-1 
NC 


Pl-8,  A/D  Bit  7 

PI- 7,  " “ 8 

PI- 6,  " " 9 

Pl- 5,  ” " 10 

pi- 4,  ” " 11 

PI- 3,  " ” 12 

PI- 2,  *’  " 13 

Pl-1,  " •'  l4  (LSB) 


NC 

NC 

NC 

P2-5,  Kyb'd  Flag 
P2-4,  Kyb’d  (1000) 
PS-3,  " (0100) 

P2-2,  " (0010) 

P2-1,  " (0001) 


TTY  Card  (JX-17) 


Pl-l6  NC 

PI- 15,  A/D  eoc 
Pl-14,  A/ D Bit 
PI- 13,  " " 

PI- 12,  " " 

PI- 11,  " " 

PI- 10,  " " 

PI- 09,  " " 


(end  of  conversion) 

1 (MSB) 

2 

3 

4 

5 

6 
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APPENDIX  C 


1 


MATHEMATICS  PACKAGE 


Floating  point  (F.P. ) binary  numbers  are  used  internally 
for  most  internal  arithmetic  functions.  The  method  is  fully 
explained  in  the  following  excerpts  from  the  INTEL  Users 
Library  [3]  . 


i 

1 

] 
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800«  BINARY  FLOATING  POINT  SYSTEM 
ARITHMETIC  AND  UTILITY  PACKAGE 


1 


THE  ARITHMETIC  ANO  UTILITY  SUBROUTINE  PACKAGE  OF  THE  8008 
BINARY  FLOATING  POINT  SYSTEM  CONTAINS  SUBROUTINES  FOR 
PERFORMING  THE  BASIC  ARITHMETIC  ANO  UTILITY  OPERATIONS 
AVAILARLE  IN  THE  SYSTFM » 


THE  ARITHMETIC  ANO  UTILITY  PACKAGE  IS  CONTAINED  IN  768 
CONSECUTIVE  WORDS  OF  MEMORY (3  BANKS  OF  ROu)  AND  DOES  NOT 
REQUIRE  THAT  ANY  OTHER  SOFTWARE  BE  PRESENT  IN  MEMORY.  THIS 
PACKAGE  USES  THF  FIRST  54  WORDS  OF  A RANK  OF  RAM  AS 
SCRATCHPAD  MEMORY. 


THE  INDIVIDUAL  SUBROUTINES  INCLUDED  IN  THf  ARITHMETIC  AND 
UTILITY  PACKAGE  OF  THF  FLOATING  POINT  SYSTEM  ARE  DESCRIBED 
IN  DETAIL  BELOW. 


flOOS  BINARY  FLOATING  POINT  SYSTEM 


the  boob  binary  floating  point  system  consists  of  a set  of 

SUBROUTINES  OESIGnEO  TO  PERFORM  OPERATIONS  ON  NUMERIC 

quantities  representeo  in  a specific  notation,  subroutines 

APE  PROVIDED  TO  PERFORM  A VARIETY  OF  ARITHMETIC  AND  RELATED 
OPERATIONS. 


THE  SUBROUTINES  ARE  OESIGH^O  TO  BE  STOREO  ANO  EXECUTED  IN 
REAO-ONLY-MEMORY(POM)  ANO  REQUIRE  THE  FIRST  PORTION  OF  A 
Bank  OF  READ-WRITE-MEMORY<RAM>  for  scratchpad  memory,  the 
SUBROUTINES  ARE  SEPARATED  INTO  A NUMBER  OF  PACKAGES*  EACH 
CONTAINING  SUBROUTINES  FOR  A group  of  related  operations. 

THE  AMOUNT  OF  MEMORY (ROM  ANO  RAM)  REQUIRED  FOR  INSTALLATION 
OF  THE  SYSTEM  IS  OEPENOENT  UPON  THE  COMBINATION  OF  PACKAGES 
TO  BE  USEO.  SCRATCHPAD  MEMORY  IS  INITIALIZED  BY  A UTILITY 
SUBROUTINE  WHICH  MUST  BE  EXECUTED  BEFORE  OTHER  SUBROUTINES 
ARE  EXECUTEO  THE  FIRST  TIME. 


IN  GENERAL.  THE  SUBROUTINES  HAVE  SlMILIAR  ENTRy  AND  EXIT 
CONDITIONS.  UNLESS  SPECIFIED  DIFFERENTLY  IN  THE  DESCRIPTION 
OF  A SPECIFIC  SUBROUTINE.  THE  SUBROUTINES  HAVE  THE  FOLLOWING 
CHARACTERISTICS. 


SUBROUTINES  REQUIRING  ONE  OPERANO  TAKE  IT  FROM  AN  INTERNAL 

floating  point  accumulator,  subroutines  pequiring  two 

OPERANDS  TAKE  ONE  FROM  THE  ACCUMULATOR  AND  THE  OTHER 
FROM  THE  MEMORY  LOCATION  INDICATED  BY  THE  CONTENTS  OF  THE 
H ANO  L REGISTERS  UPON  ENTRY.  THE  NUMERIC  RESULT  OF  EACH 
OPERATION  IS  STOREO  In  THE  ACCUMULATOR  AND  IS  RETURNEO  TO 
THE  CALLER  IN  THE  A.  B.  C.  AND  0 REGISTERS.  . 


UPON  EXIT  FROM  THE  ARITHMETIC  SUBROUTINES.  THE  PROPERTIES 
OF  THE  RESULT  ARE  INOICATEO  BY  THE  SETTINGS  OF  THE  CONTROL 
BITS. 

CARRY  BIT  = 1 THE  RESULT  EXCEEDS  THE  CAPACITY  OF  THE 

ACCUMULATOR.  THE  OTHER  CONTROL  BITS.  THE 
CONTENTS  OF  THE  HAROWAPE  REGISTERS*  ANO 
THF  CONTENTS  OF  THE  ACCUMULATOR  ARE 
MEANINGLESS.  THIS  SITUATION  IS  ALSO 
INDICATED  BY  A NON-ZERO  QUANTITY  BEING 
STORED  IN  A FLAG  WORD. 

THE  RESULT  IS  IN  RANGE.  THE  ZERO  AND 
SIGN  BITS  ARE  PROPERLY  SET.  ANO  THE  A.  B. 

C.  ANO  0 REGISTERS  CONTAIN  A REPRESENTATION 
OF  THE  VALUE  IN  THE  ACCUMULATOR. 

THE  RESULT  OF  THE  OPERATION  IS  ZERO  OR 
A QUANTITY  TOO  SMALL  To  BE  REPRESENTEO. 

THF  RESULT  IS  NON-ZERO. 

THE  RESULT  IS  NEGATIVE. 

THE  RESULT  IS  POSITIVE. 


CARRY  BIT  s f) 


ZERO  BIT  * I 


7 ERO  BIT 
SION  BIT 
SIGN  BIT 


DATA  ARE  REPRESENTED  IN  A NOTATION  WHICH  DECOROS  EIGHT  BITS  OF 
EXPONENT.  ONE  BIT  OF  «IGN.  ANO  TWENTY  FOUO  BITS  OF  FRACTION. 
THE  LARGEST  MAGNITUDE  THAT  CAN  BE  REPRESENTED  IS  APPROX IMATELY 
3. A * 10  •*  38.  THE  SMALLEST  NON-ZEPO  MAGNITUDE  IS 
APPROXIMATELY  ?.7  * 10  •*  -39.  THE  RESOLUTION  OF  THE  NOTATION 
IS  APPROXIMATELY  A. 2 • 10  *•  -B • I.E.»  BETTER  THAN  SEVEN 
OFCIMAL  OIGIt  PRECISION. 
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DATA  VALUES  are  REPRESENTED  IN  FOUR  CONSEruTIVE  MEMORY  WORDS 
WHICH  MUST  BE  IN  THE  SAME  BANK  OF  MEMORY.  THE  INTERPRETATION 
OF  THESE  WORDS  IS  SHOWN  BELOW. 

WORD  l IF  NON-ZERO,  THIS  WORD  CONTAINS  THE 

EXPONENT  PLUS  A BIAS  OF  200  OCTAL.  THE 
EXPONENT  INDICATES  THE  POWER  OF  2 BY 

which  the  fraction  is  multiplied  to 

OBTAIN  THE  REPRESENTED  VALUE.  IF  THIS 
WORD  IS  ZERO  THE  REPRESENTED  VALUE  IS  ZERO 
AND  WORDS  2,  3,  AND  A ARE  MEANINGLESS. 

WORD  ?,  BIT  7 THIS  BIT  INDICATES  THE  SIGN  OF  THE  VALUES 
0 IF  POSITIVE,  1 IF  NEGATIVE. 

WORD  2.  BITS  6-0  THESE  BITS  PLUS  AN  ASSUMED  1 IN  BIT  7 
ARE  THE  MOST  SIGNIFICANT  BITS  OF  THE 
FRACTION.  THE  FRACTION  IS  STORED  IN 
ABSOLUTE  FOPM  IUNSIGNEd)  WITH  THE  RADIX 
POINT  POSITIONED  TO  THF  LEFT  OF  BIT  7. 

THE  VALUE  OF  THE  FRACTION  IS  THUS  LESS 

than  i.o  anc  equal  to  dr  greater  than  o.s. 


WORD  7 

THIS  WOOD 

CONTAINS  THE  SECOND  MOST 

SIGNIFICANT  EIGHT  BITS  OF  THE  FRACTION. 

WORD  4 

THIS  WORD 

CONTAINS  THE  LEAST  SIGNIFICANT 

EIGHT  BITS 

OF  THE  FRACTION. 

EXAMPLES  OF 

DATA  NOTATION. 

VALUE 

WOROI 

W0R02  WOPD3 

WORD4 

0.0 

000 

XXX  XXX 

XXX  X a DONT  CARE 

•1.0 

201 

000  000 

000 

-1.0 

201 

200  000 

000 

♦0.1 

17S 

I I 4 314 

314 

100. I 

207 

310  063 

063 

FLOATING  POINT  ACCUMULATOR. 

THE  FLOATING  POINT  ACCUMULATOR  CONSISTS  OF  5 SCRATCHPAD  WORDS 
CONTAINING  PESPECTIVELY  THE  ACCUMULATOR  EXPONENT,  THE 
ACCUMULATOR  SIGN,  AND  THREE  WORDS  OF  ACCUMULATOR  FRACTION. 

The  exponent  is  recorded  with  A BIAS  OF  200  octal,  an 
EXPONENT  WOPO  OF  ZERO  INDICATES  THAT  THE  VALUE  IN  THE 
ACCUMULATOR  IS  7ERO  AND  THE  REMAINING  WORDS  OF  THE  ACCUMULATOR 
ARE  MEANINGLESS.  THE  SIGN  WORD  HOLDS  000  IF  THE  ACCUMULATOR 
IS  NEGATIVE,  200  OCTAI  IF  POSITIVE.  THE  FRACTION  IS  RECORDED 
AS  A NORMALIZED  POSITIVE  VALUE  WITH  THE  RftOlX  POINT  TO  THE 

lfft  of  the  most  significant  bit  of  the  first  fraction  word. 


OVERFLOW  flag. 

THE  OVERFLOW  Flag  WORD  IS  PROVIDED  AS  A CONVENIENCE  TO  THE 
USER  OF  THE  FLOATING  POINT  SYSTEM.  THE  WORD  IS  INITIALLY  SET 
TO  7ERO  AND  MAY  BE  RESET  TO  ZERO  BY  THE  USER  AT  ANY  TIME. 

WHEN  ANY  OF  THE  SYSTEM  SUBROUTINES  DETECT  AN  OVERFLOW 
CONDITION  THE  OVERFLOW  FLAG  Is  SET  NON-7EPO.  THUS  THE  USER 
MAY  CLFAR  THE  FLAG,  PFRFORM  A SEQUENCE  OF  FLOATING  POINT 
OPERATIONS,  AND  CHECK  THE  FLAG  TO  DETERM ImE  IF  AN  OVERFLOW 
OCCURRED  ANYWHERE  IN  THE  SEQUENCE. 
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BOOB  BINARY  FLOATING  POINT  SYSTEM 

THE  BOOB  BINARY  FLOATING  POINT  SYSTEM  CONSISTS  OF  A 
SET  OF  SUBROUTINES  DESIGNED  TO  PERFORM  ARITHMETIC 
OPERATIONS  ON  NUMERIC  QUANTITIES  REPRESENTED  IN 
MEMORY. 

% 

EACH  NUMFRIC  QUANTITY  OCCUPIES  FOUR  CONSECUTIVE  WORDS 
13?  BITS)  OF  MEMORY.  THF  LARGEST  MAGNITUDE  THAT  CA* 
ME  REPRESENTED  IS  APPROX  IMA  TEL Y 3.6  TIMES  TEN  TO  THE 
3STM  POWER.  THE  SMALLEST  NON-7EBO  MAGNITUDE  THAT 
CAN  8E  REPRESENTED  IS  APPROXIMATELY  ?. 7 TIMES  TEN  TO 
THE  MINUS  3RTH  POWFR.  EACH  NUMERIC  QUANTITY  IS 
represented  WITH  A precision  OF  ONE  part  IN 

APPROXIMATELY  16*000*000. 

THE  SOFTWARE  CONSTITUTING  THE  FLOATING  POINT  SYSTFM 
IS  DIVIDED  INTO  TWO  SECTIONS.  EACH  OF  WHICH  OCCUPIES 
3 BANKS  OF  ROM  OR  RAM.  SECTION  I IS  INDEPENDENT  OF 
OTHER  SOFTWARE.  SECTION  ? IS  OPEPABLE  ONLY  WHFN 
SECTION  1 IS  AVAILABLE  IN  MEMORY.  IN  ADDITION  TO 
MEMORY  REQUIRED  FOP  PROGRAM*  6.3  WORDS  OF  RAM  ARE  USED 
AS  SCRATCHPAD. 

SOFTWARE  SFCTION  1 CONTAINS  THE  FOLLOWING 

subroutines: 

LOO  - LOAD  SPECIFIED  DATA  INTO  THE  FLOATING 
POINT  ACCUMULATOP. 

AOO  - ADD  SPECIFIED  DATA  TO  THE  FLOATING  POINT 
ACCUMULATOR. 

SUB  - SUBTRACT  SPECIFIED  DATA  FROM  THE  FLOATING 
POINT  ACCUMULATOR. 

MUL  - MULTIPLY  SPEC  IF  IF  D DATA  TIMES  THE  FLOATING 
POINT  ACCUMULATOR.  • 

Oiv  - DIVIDE  SPECIFIED  DATA  I’NTO  THE  FLOATING 
POINT  ACCUMULATOR. 

TST  - SET  CONTROL  BITS  TO  .INDICATE.  ATTRIBUTES 
OF  THF  FLOATING  POINT  ACCUMULATOR. 

CHS  - CHANGE  THE  SIGN  OF  THE  FLOATING  POINT 
ACCUMULATOR. 

ABS  - SET  THE  SIGN  OF  THF  FLOATING  POINT 
ACCUMULATOP  POSITIVE'. 

STR  - STORE  IN  SPECIFIED  MEMORY  THfc  VALUF  IN  THE 
REGISTERS  AS  RETURNED  «Y  OTHER  SUBROUTINES. 

INI T - MOVE  CODE  FROM  ROM  TO  RAM  IN  PREPAPA1 JON 

FOR  EXECUTION  OF  THE  MUL  AND  OIV  SUBROUTINES. 
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SOFTWARE  SECTION  ? CONTAINS  SUBROUTINES  WHICH  ARE 
USED  TO  CONVERT  DATA  BETWEEN  THE  BINARY  FLOATING 
POINT  FORMAT  ANO  A DECIMAL  FORMAT  SUITABLE  FOR 
ENTRY  OR  DISPLAY  ON  INPUT/OUTPUT  EQUIPMENT*  THE 
DECIMAL  FORMAT  IS  STORED  IN  MEMORY  AS  A SERIES 
OF  CHARACTERS.  REIATIVELY  SIMPLE  INPUT/OUTPUT 
ROUTINES  MAY  BE  USED  TO  INTERFACE  THE  MEMORY- 
RE*  IOENT  CHARACTER  STRINGS  WITH  ANY  TYPE  OF  PHYSICAL 
I/O  OFVICE. 

THE  CHARACTER  STRINGS  CONSIST  OF  SCO  REPRESENTATIONS 
OF  OECIMAL  DIGITS  ANO  ARBITRARY  REPRESENTATIONS  OF 
-•  ••  AN  EXPONENTIAL  SIGN (LETTER  El.  ANO  SPACE. 
CHARACTER  STRINGS  MAY  NOT  CROSS  MEMORY  BANK 
BOUNDARIES.  AN  INPUT  STRING  IS  THEREFORE  LIMITED 
TO  ?S6  CHARACTERS.  AN  OUTPUT  STRING  CONSISTS  OF 
13  CHARACTERS. 

THF  OUT  SUBROUTINE  GENERATES  CHARACTER  STRINGS  IN 
2 FORMATS  1 THE  CHOICE  OF  FORMAT  OEPENOS  ON  THE 
MAGNITUDE  OF  THE  VALUE  REPRESENTED. 

MAGNITUDES  BETWEEN  .1000000  ANO  9999999.  APE 
REPRESENTED  BY  A SPACE  OP  MINUS  SIGN.  SEVEN 
OECIMAL  DIGITS  ANO  AN  APPROPP I ATELY  POSITIONED 
OECIMAL  POINT.  ANO  FOUR  SPACES. 

MAGNITUDES  OUTSIOE  THE  RANGE  ARE  REPRESENTED 
BY  A SPACE  OR  MINUS  SIGN.  A VALUE  BETWEEN 
1.000000  AND  9.999999.  AN  EXPONENTIAL  SIGN.  ANO 
A SIGNED  TWO-OIGIT  POWER  OF  TEN. 

THE  IMP  SUBROUTINE  CONVERTS  CHARACTER  STRINGS  IN 
EITHER  OF  THE  ABOVE  FORMATS.  OR  A MOOIFIED 
VERSION  OF  THEM.  THE  LEADING  SIGN  MAY  BE  INCLUOED  OR 
OMITTED.  ANY  NUMBER  OF  DIGITS  MAY  BE  USED  TO 
INDICATE  THE  VALUE.  WITH  OR  WITHOUT  AN  INClUDEO 
OECIMAL  POINT.  IF  A POWER-0F-TEN  MULTIPLIER  IS 
INDICATED  IT  MAY  BE  SIGNED  OR  UNSIGNED  ANO  MAY 
CONTAIN  ONF  OR  TWO  OIGITS.  AN  INPUT  STRING  IS 
TERMINATED  BY  THE  FIRST  CHARACTER  WHICH  OEPARTS 
FROM  THE  FORMAT. 

THF  FOLLOWING  ARE  EXAMPLES  OF  INPUT  ANO  CORRESPONDING 
OUTPUT  CHAPACTFP  STRINGS. 

3.1*1593 
-.0000900000001 
♦1.6E5 
123*56789 
S4321E-10 
-2718281828F-9 


3.1*1593 
- 1 • OOOOOOF- 1 3 
160000.0 
1 .234568E+08 
5.*3?100E-06 
-2.718282 
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8008  BINARY  FLOATING  POINT  SYSTEM 

F OftMA T CONVERSION  PACKAGE 


THE  F0OMAT  CONVERSION  PACKAGE  OF  THE  BOOB  BINARY  FLOATING 
POINT  SYSTEM  CONTAINS  SUBROUTINES  F OR  THE  CONVERSION  OF 
OATA  BETWEEN  THE  FLOATING  POINT  SYSTEM  NOTATION  AND  TWO 
OTHER  FORMATS.  THE  NON-FLCAt IMG-POINT  FORMATS  APE  FOUR 
WOPO  FfxEO  POINT  FORMAT  AND  VARIABLE  LENGTH  CHARACTER  STRING 
FORMAT. 


THE  FOOMAT  CONVERSION  PACKAGE  IS  CONTAINED  IN  51?  CONSECUTIVE 
WOPOS  OF  MEMORY (2  BANKS  OF  ROM)  AND  REOUIpES  FOR  ITS 
EXECUTION  THAT  THE  ARITHMETIC  AND  UTILITY  PACKAGE  BE 
AVAILABLE  in  memopy.  THE  COMBINATION  OF  THIS  PACKAGE  ANO 
THE  ARITHMETIC  ANO  UTILITY  PACKAGE  USES  ThE  FIRST  6*  WORDS 
OF  A BANK  OF  PAM  AS  SCRATCHPAD  MEMORY. 


The  F I *F9  POINT  FORMAT  OATa  PROCESSED  BY  THIS  PACKAGE 
CONSIST  OF  3?  HIT  BINARY  NUMBFPS  OCCUPYING  FOUR  WORDS. 

TaOS  COMPLEMENT  NOTATION  tS  USED  TO  REPRESENT  NEGATIVE 
.VALUES. 

THE  POSITION  OF  THE  BINARY  POINT  RELATIVE  TO  THE 
BITS  REPRESENTING  THE  VALUE  IS  DENOTED  BY  A BINARY 
SCALING  FACTOR.  the  BINARY  SCALING  FACTOo  IS  NOT  normally 
RECORDED  IN  THE  COMPUTER*  BUT  WHEN  A FORMAT  CONVERSION 
SUBROUTINE  IS  CALLED  THE  BINARY  SCALING  FACTOP  MUST  BE 

jSPECIFIFOT In  the  e register*,  a hinary  scaling  factor  OF 
iZEpo  indicates  the  binary  point  is  immediately  to  the  left 

OF  THE  most  SIGNIFICANT  OF  THE  32  BITS  REPRESENTING  THE 
VALUE.  A BINARY  SCALING  FACTOR  OF  32  INDICATFS  Thf  BINARY 
POINT  IS  IMMEDIATELY  TO  THE  RIGHT  OF  THE  I EAST 
SIGNIFICANT  HIT.  THE  PERMISSIBLE  RANGE  Or  THF  BINARY 
SCALING  FACTOR  IS  -I2BT200  OCTAL)  TO  ‘1271177  OCTAL*. 


(THE  CHARACTER  STRING  FORMAT  DATA  PROCESSED  BY  THIS  PACKAGE 
CONSIST  OF  BINARY  REPPFSENTAT IONS  UF  CHARACTERS  OCCUPYING 
(CONSECUTIVE  WORDS  OF  MEMORY.  A CHARACTER  STRING  MAY  NOT 
CROSS  A MEMORY  BANK  BOUNDARY.  THE  CHARACTERS  WHICH  MAY  BE 
IlNCLUOFO  IN  A CHARACTER  STRING.  ANO  THE  CORRESPONDING 
OCTAL  REPRESENTATIONS  ARE  LISTED  BELOW. 

! DECIMAL  DIGITS  OOOB-OIIB  SCO  OIGITS 

SPACE  3606 

♦ 373B  PLUS 

| - 3TSB  MINUS 

. 37f B DECIMAL  POINT 

I EXPONENTIAL  SIGN  02SB  LETTER  E 

(THESE  OCTAL  REPRESENTATIONS  CAN  BE  CONVERTED  TO  THE 
CORRESPONDING  ASCII  CHARACTERS  BY  AOOING  OhOB  TO  EACH) 

•THE  OUT  SUBROUTINE  GENERATES  CHARACTER  STRINGS  IN  TWO 
FORMATS,  EACH  CONSISTING  OE  1 A CHARACTERS.  THE  FORMAT 
USEO  IN  A SPECIFIC  CASE  IS  DEPEnOFNT  UPON  THE  MAGNITUDE 
or  THE  VALUE  REPRESENTED. 
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significance  inoex 


the  FLOATING  POINT  AOO  AND  SUBTRACT  SUBROUTINES  RETURN  A 
SIGNIFICANCE  INOEX  TO  THE  USER  WHEN  THE  RESULT  OF  THE 
OPERATION  IS  NOT  ZERO.  THIS  INDEX  GIVES  XN  INDICATION  OF  THE, 
CHANGE  IN  THE  VALUE  OF  THE  ACCUMULATOR  EXPONENT  AS  A RESULT 
OF  THE  ARITHMETIC  OPERATION  PERFORMED.  IT  IS  USED  PRIMARILY 
FOR  COMPARISON  OF  TWO  VALUES  WHICH  ARE  EXPECTED  TO  BE  EBUAL * 
BUT  WHICH  MAY  DIFFER  BY  A SMALL  AMOUNT  DUF  TO  MEASUREMENT  OR 
POUNO-OFF  ERRORS.  AS  AN  EXAMPLE*  A SIGNIFICANCE  INDEX  OF 
354  OCTAL  <-?0  DECIMAL)  INDICATES  THAT  THp  RESULT  OF  THE 
OPERATION  IS  SMALLER  THAN  THE  OPERANDS  BY  A FACTOR  OF 
APPROXIMATELY  ONE  MILLION  (2  **  20>.  j 

THE  FLOATING  POINT  TEST.  COMPLEMENT  AND  ABSOLUTE  SUBROUTINES  ! 
RETURN  THE  SIGNIFICANCE  INDEX  FROM  AN  IMMEDIATELY  PRECEEDING  j 
ADD  OR  SUBTRACT  OPERATION. 

f 


HEXADECIMAL  NOTATION  [4] 


Hexadecimal  Notation  is  a convenient  way  of  representing  all  sixteen 
combinations  of  four  bits  of  information  with  a single  character.  The 
most  popular  character  set  for  displaying  Hexadecimal  data  are  the 
characters  0 thru  9 to  represent  the  binary  combinations  0 thru  9 and 
ABODE  and  F to  represent  the  binary  combinations  10  thru  IS. 


Hexadecimal 

Characters 

Binary  Bits 

8 4 2 1 

Decimal 

Characters 

0 

0 0 0 0 

0 

1 

0 0 0 1 

1 

2 

0 0 10 

2 

3 

0 0 11 

3 

4 

0 10  0 

4 

S 

0 10  1 

5 

6 

0 110 

6 

7 

0 111 

7 

8 

10  0 0 

8 

9 

10  0 1 

9 

A 

10  10 

10 

B 

10  11 

11 

C 

110  0 

12 

D 

110  1 

13 

E 

1110 

14 

F 

1111 

15 

As  an  extension  of  this  technique,  all  256  combinations  of  8 bits  can 
be  represented  by  two  hexadecimal  characters  as  shown  in  the  following 
examples . 


Hexadecimal 

Characters 

Binary 

Bits 

Decimal 

Cbara9ters 

00 

0000  0000 

0 

01 

0000  0001 

1 

3E 

0011  1110 

52 

42 

0100  0010 

66 

El 

1110  0001 

225 

FF 

1111  1111 

255 

Going  further,  all  4096  combinations  of  12  bits  can  be  represented  by 
three  Hexadecimal  characters.  This  technique  can  be  extended  indefin- 
itely, adding  a Hexadecimal  character  for  each  four  bits  of  information. 
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